VOLUME 10 July 1961 


THE AMERICAN JOURNAL OF 


Tropical Medicine 
and Hygiene 


Combining The American Journal of Tropical Medicine 
and The Journal of the National Malaria Society 


OFFICIAL ORGAN OF 
THE AMERICAN SOCIETY OF TROPICAL MEDICINE AND HYGIENE 


PUBLISHED BIMONTHLY BY 
THE WILLIAMS & WILKINS COMPANY 


BALTIMORE 2, MARYLAND, U.S.A. 


Copyright © 1961. By The American Society of Tropical Medicine and Hygiene 
Made in U.S.A. 

















THE AMERICAN JOURNAL OF 


Tropical Medicine and Hygiene 


Editor-in-Chief, PAUL C. BEAVER 


1430 Tulane Avenue 
New Orleans 12, Louisiana 


Editor, Tropical Medicine and Hygiene News 
Wiiiram B. DeWitt, National Institutes of Health 
Bethesda 14, Maryland 


Editorial Board 
Writram McD. Hammon ALBert B. SasBin 
H. E. MeLener Leon H. Scumipt 
Harry Most Tuomas H. Weiter 
Luorp E. Rozesoom Martin D. Youne 


INFORMATION FOR SUBSCRIBERS 


Taz American JouRNAL OF Tropical Mepicine aND HyGrene is issued bimonthly, 
appearing in January, March, May, July, September, and November. One volume is 
issued per year. 

Correspondence concerning business matters, subscriptions and orders for reprints 
should be addressed to The Williams & Wilkins Company, 428 East Preston Street, 
Baltimore 2, Maryland, U.S. A. 

Manuscripts and books for review should be sent to Dr. Paul C. Beaver, 1430 Tulane 
Avenue, New Orleans 12, Louisiana. 

The subscription price is $10.00 per year in U.S.A.; $10.50 in Canada; $11.25 elsewhere. 
Single copies, when available, $2.50 in U.S.A.; $2.75 elsewhere. 

New subscriptions and renewals are entered to begin with the first issue of the current 
volume. Should any issue of the current volume be out of print at the time the subscrip- 
tion order is received, the pro rata value of such numbers will be refunded to the ni 
seriber. 

Subscriptions should be renewed promptly. The publishers cannot guarantee to supply 
back issues on belated renewals. 

Change of address. Publisher must be notified 60 days in advance. Journals undeliver- 
able because of incorrect address will be destroyed. Duplicates can be obtained (if 
available) from the publisher at the regular price of single issues. 


OFFICERS OF THE 


American Society of Tropical Medicine and Hygiene 


President Councilors Term Expires 
WiiiraM W, Yrre Pau. F. Russeuu 1961 
President-Elect Josern E. SMapEL 1961 
G. Roperr CoaTnery MaRsHALL HeRtTIG 1962 
Vice-President Joun E. Lars, Jr. 1962 
Cuay G. Hurr ARNOLDO GABALDON 1963 
Secretary-Treasurer Harry Most 1963 
Georrrey M. Jerrery Luiorp E. Rozzsoom 1964 
P. O. Box 1083 CorneE.ivs B. Puiiip 1964 
Columbia, 8. C. 


Individuals interested in any phase of tropical medicine and hygiene, including all 
arthropod-borne diseases, medical care and human welfare, are eligible for membership. 
Dues are $10.00 a year and include subscription to the American Journal of Tropical Med- 
icine and Hygiene. An application blank is bound into this issue of the Journal for the 
use of interested individuals. Before being submitted to the Secretary, each application 
must be signed by two active members of the Society and a check for $10.00 (U.S. banks 
preferred) must accompany the application. 





Published bimonthly by The Williams & Wilkins Co., 428 East Preston Street, Baltimore 2, Md., U.S.A. 
Subscription price $10.00, single issue $2.50 
Second-class postage paid at Baltimore, Md 




















FOR PROVEN EFFICACY IN 
INFEGTIOUS DIARRHEAS 


Humatin 


@ worsens 


SUPPLIED: 


REFERENCES: 








PARKE-DAVIS 


are Vf 259 . PARK AVIS 4 MPANY, Detroit Michigan 











THE AMERICAN JOURNAL OF TROPICAL MEDICINE AND HYGIENE 


PROGRESS IN PARASITOLOGY 


4 ROCHE |} 

ty ov 

| + 
BIA)| W 
ekimy 


Se 


Treatment of Schistosomiasis with cA stiban> 


Schistosomiasis, in any of its three forms, today affects no fewer than 150 million people 
and presents a major threat to economic life in countries where it is endemic. The magni- 
tude of the problem calls for vigorous control measures, especially those designed to 
break the biological cycle of the parasite in man. Here the accent lies on drugs permitting 
injection within a few days of quantities of antimony approaching those supplied by the 
classic course of tartar emetic, but without provoking the increased toxic side effects 
associated with intensive therapy. 


x 


Results so far achieved with the «Roche» product «Astiban>* (antimony (IIT) sodium 
meso-2,3-dimercaptosuccinate) suggest that this imperative need has been met. Publica- 
tions covering nearly 2,000 cases treated with «Astiban> in African, Asian and South Ameri- 
can centres, in regions where schistosomiasis exacts its highest toll, show a presumptive 
cure rate of 90-100% in patients affected with S. haematobium, 40-90% in S. mansoni 
infestation, and 60-85 % in schistosomiasis japonica. 

The good tolerance of <Astiban>, especially in the child, makes possible effective 
treatment of the three forms of schistosomiasis with 4-5 intramuscular or intravenous 
injections spread over 3-8 days. Side effects, where they occur, are mild and transitory, 
generally involving only the gastro-intestinal tract (anorexia, vomiting, abdominal pain) 
and vanishing on re-adjustment of dosage or inclusion of one or two pauses of one day 
during the course of medication. «Astiban> is therefore suitable for treatment of advanced 
forms of schistosomiasis where the use of other antimonials would be contra-indicated. 

Given preferably by the intramuscular route, «Astiban> has certain distinctive features 

short duration of therapy, high presumptive cure rate, harmless side effects - which 


indicate its use for collective treatment and in ambulatory patients. 
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with absorption. 

In a review of over 20,000 case reports 
on the use of propiony! erythromycin or pro- 
pionyl erythromycin ester lauryl sulfate, 
side-effects were infrequent and usually mild. 
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Usual dosage: For infants and for children under 
twenty-five pounds of body weight, 5 mg. per pound 
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REPORT 
INTERNATIONAL 


Late in 1959, it became 


dependent appraisal of the status and prospects 


apparent that an in- 


of the rapidly expanding global program for the 
eradication of malaria was needed to orient dis- 
United States participation. 

International 


future 
In December, the 
\dministration (ICA) named a panel of twelve 


cussions of 


Cooperation 


* This report contains the collective views of a 
group of experts and does not necessarily represent 
the decisions or the stated policy of the Interna 
tional Cooperation Administration 

7 MEMBERS OF THE PANEL: Fred L. Soper (Chair- 
man), Director Emeritus, Pan American Sanitary 
Bureau; Justin A. Andrews, Director, National 
Institute of Allergy and Infectious Diseases, Na 
tional Institutes of Health, Bethesda, Maryland; 
Karl F. Bode, Assistant Deputy Director for 
P lanning Division, International Cooperation Ad- 
ministration; G. Robert Coatney, Chief, Labora 
tory of Parasite Chemotherapy, National Institute 
of Allergy and Infectious Disease Bethesda, 
Maryland; Walter C. Rosle. Veteran's A dministra- 
tion, Regional Office, Atlanta, Georgia; S. M. 
Keeny, Director, Asia Region, United Nations 
Children’s Fund, Bangkok, Thailand; E. F. Knip- 
ling, Director, Entomology Research Division, 
United States Department of Agriculture, Belts 
ville, Maryland; John A. Logan, Professor and 
Chairman, Department of Civil Engineering, 
Northwestern University, Evanston, Illinois; 
Robert L. Metcalf, Professor and Chairman, 
Department of I wero 4 University of Cali 
fornia, tiverside, alifornia; Kenneth OD. 
Quarterman, Chief, Technical Development 
Laboratories, United States Public Health Service, 
Savannah, Georgia; Paul F. Russell, The Rocke 
feller Foundation, Retired; Visiting Professor, 
Tropical Publie Health, Harvard School of Public 
Health; North Edgecomb, Maine; Louis L. 
Williams, Consultant to the Pan American Health 
Organization, Washington, D. C 

SECRETARIAT: Eugene P. Campbell, Director of 
the Office of Public Health, International Coop 
eration Administration; Fred J. Brady, Assistant 
Director of the Office of Public Health, Interna 
tional Cooperation Administration; #. Harold 
Hinman, Chief, Technical Resources Division, 
Office of Public Health, International Cooperation 
Administration; Roy F. Fritz, Chief, Malaria 
Eradication Branch, Technical Resources Divi- 
sion, Office of Public Health, International Coop 
eration Administration; Donald R. Johnson, 
Assistant Chief, Malaria Eradication Branch, 
Technical Resources Division, Office of Public 
Health, International Cooperation Administra 
tion; Alfred J. Davidson, Public Health Adminis- 
tration Advisor, Technical Resources Division, 
Office of Public Health, International C ooperation 
Administr: ation ; Helen E. Administrative 
Officer, Malaria Eradication Branch, Technical 
Resources Division, Office of Public Health, In- 
ternational Cooperation Administration 


Swan, 


COOPERATION ADMINISTRATION EXPERT 


AND RECOMMENDATIONS ON MALARIA: A SUMMARY* 


PANEL ON MALARIA 


American experts to consider the future position 
of the United States with respect te malaria 
eradication. The ICA Expert Panel on Malaria 
met on four occasions between the first week in 
January and the last of April 1960. 

At the opening session, Dr. Eugene P. Camp- 
bell, Director of the Office of Public Health, ICA, 
welcomed the Panel, and outlined the Panel’s 
They were to (1) assess the 
progress of world-wide malaria eradication and 
consider the future position of the United States 
on malaria 


terms of reference. 


estimate future 
personnel, com- 
modities and research and predict the future of 
malaria eradication; (3) review the 
situation, estimate future and 
advise on how to induce other countries to econ- 
tribute to these costs; 


eradication; (2) 
program requirements in time, 


over-all 
financial costs 
(4) examine and advise on 
special epidemiological features, summarize tech- 
nical problems and provide sound orientation; 
(5) assess ICA relationship to malaria eradication 
and advise on ICA administrative problems; and 
(6) advise how malaria eradication in Africa can 
be undertaken effectively. 
The Panel’s report, submitted in August 1960, 
is here summarized in sections as follows: 
l. Historical Background 
2. International Malaria Eradication 
Progress in Malaria Eradication 
Technical Considerations 
. Organization and Administration 
}. Cost of Global Eradication 


Evaluation and Measurement of Disap- 
pearing Malaria 


Malaria 
lems 
International 
Eradication 
10. Tropical Africa 
11. Social Implications of Malaria Eradication 
2. Findings and Recommendations 
Annex I: Countries with ICA Malaria Eradica- 
tion Projects 
Annex II: 


Eradication and Political Prob- 


Responsibility in Malaria 


Examples of Malaria Eradication 
1. HISTORICAL 


In 1880, a French doctor, Laveran, in 
Algeria, discovered in a patient’s blood the para- 


BACKGROUND 


army 





$52 ICA 


site that malaria. In 1898-99, Ronald 


causes 
India, 


tianelli, in Italy, 


Ross, in and Grassi, Bignami and Bas 
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mechanism of the disappearance of malaria on 
which eradication is predicated. 


Role of United States 


The United States Public Health Service. The 
United States Public Health Service (USPHS) 
has been the most powerful force in the develop- 
ment, first of malaria control and then of eradica- 
tion in this country. Beginning about 1912 it de- 
veloped an educational program followed by ma- 
laria field studies and control demonstrations 
that made possible an extensive and successful 
anti-malaria program during the World War I 
period. Over 40 anti-mosquito projects in some 
15 states protected one and three-quarters million 
civilians and some 800,000 military personnel. 
Many towns that benefited by this project con- 
tinued the control measures after the war. 
Thanks to USPHS stimulation and help, ma- 
laria control programs were extended into more 
and more rural areas, especially after Paris green 
was shown to be effective as a larvicide in 1921. 

During the depression years of the 1930's, 
many factors combined to promote endemic and 
even epidemic malaria. The Civil Works Admin- 
istration, the Emergency Relief Administration 
and the Works Progress Administration, carried 
out numerous anti-malaria projects, stimulated 
and supervised by the USPHS. 

Commencing in 1942, vigorous malaria control 
programs were initiated by the USPHS and the 
United States Armed Forces in and around train- 
ing camps and cantonments in southern areas. 
No fewer than 2,200 anti-malaria projects were 
carried out in 24 states. This tremendous effort, 
added to the routine control programs in various 
counties, reduced malaria to a low level by the 
end of World War II. This led to the decision to 
undertake malaria eradication in the United 
States. 

The concept of national malaria eradication 
had been born in the United States a generation 
before. The earliest statement was that of F. L. 
Hoffman who published in 1916 “A Plea for 
National Committee on the Eradication of Ma- 
laria” and, in 1917, “A Plea and a Plan for 
the Eradication of Malaria.”” These propos- 
als were not immediately fruitful in pro- 
moting malaria eradication because available 
anti-malaria methods were not financially prac- 
ticable. However, they did lead to the formation 
of the National Malaria Committee in 1916; it 
was from the work of this Committee that the 


453 


seeds of eradication in the United States even- 
tually germinated. 

First United States bilateral programs—IIAA. 
The Institute of Inter-American Affairs (ITAA) 
was incorporated in 1942 by the United States 
Government, one of its purposes being co-opera- 
tion with the American Republics in the solution 
of their urgent health programs. Malaria, the 
most urgent of these, was from the beginning 
given top priority. ILAA participated in malaria 
control projects in 17 of the 19 malarious Re- 
publics, with relative freedom from the bureau- 
cratic restrictions under which national health 
services often labor. This participation was a 
prelude to expanded bilateral participation of the 
United States throughout the world in malaria 
control projects, and eventually in world-wide 
malaria eradication. 

The Rockefeller Foundation. Another agency 
that had a powerful impact on malaria control 
and the development of the concept of eradication 
was The Rockefeller Foundation. From 1916 to 
1954, the Foundation co-operated in malaria in- 
vestigation, training, and control projects in 15 
states at home and 45 countries and territories 
abroad. In its program it stimulated and aided 
research to elucidate general and local problems 
of malaria incidence and transmission; practical 
control demonstrations; training programs; and 
the establishment of national malaria services and 
offical organizations and institutes for malaria 
study and control. In this way the Foundation 
had an important part in laying foundations for 
the present remarkable acceleration in man’s at- 
tack on malaria. 

Notable in The Rockefeller Foundation effort 
was the species-eradication of Anopheles gambiae 
in Brazil and in Egypt already referred to. 


Early Role of International 
Health Agencies 


The League of Nations. The Health Section of 
the League of Nations was created in 1923; it set 
up in its first year a subcommittee that in 1924 
became its Malaria Commission. This Commis- 
sion developed considerable co-operation between 
nations in the exchange of information about ma- 
laria, in laboratory experiments, and in the train- 
ing of personnel for malariology. The Commission 
did much to make clear how the epidemiology of 
malaria varies from place to place so that local 
studies are important in the planning of control. 
The League convened several important meet- 
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ings, including the Pan African Health Confer- 
ences in Johannesburg in 1935 at which Park- 
Ross reported the first successful malaria control 
by the pyrethrum spray-killing of adult malaria 
mosquitoes. All in all, the Malaria Commission 
of the Health Section of the League of Nations 
was highly influential in stimulating governments 
to pay attention to malaria and to think of ma- 
laria control as an international problem. Al- 
though the United States was not a member of 
the League of Nations, the co-operation of some 
of its leading malariologists was enlisted and 
financial assistance from The Rockefeller Founda- 
tion accepted by the Health Section. 

The Pan American Sanitary Bureau. The Pan 
American Sanitary Bureau has had a profound in- 
fluence on the development of malaria eradication 
in the Americas. The Bureau’s first anti-ma- 
laria activities were chiefly collecting data, con- 
ducting surveys, stimulating anti-malaria proj- 
ects and the training of personnel. A Comisién 
Panamericana de Malaria was set up in 1938-40, 
consisting of outstanding malariologists from the 
United States, Venezuela, Brazil and Argentina. 
The creation of the Pan American Health Organ- 
ization in 1947 gave to the Bureau hemispheric 
coverage essential to malaria eradication. 


Early DDT Periods 


In 1939-40, Miller and colleagues in Switzer- 
land, searching for a chemical that would kill 
clothes moths, carried out trials with dichloro- 
diphenyl-trichloroethane (DDT) and found that 
it would kill not only the moths but many other 
troublesome insects as well. Even more impor- 
tant was the discovery that DDT has a remark- 
ably long-lasting killing effect. The DDT residue 
on a sprayed surface continues to destroy the in- 
sects that come into contact with it for many 
months after the spraying. 

Samples of DDT were procured by both the 
British and the United States through Intelli- 
gence channels and were made available to the 
Medical Research England, the 
USPHS, the Armed Forces and others. Investi- 
gators with the U 


Council in 


. 8. Department of Agriculture 
Laboratory at Orlando, Florida, conducting re- 
search with funds provided by the Department 
of Defense, demonstrated in 1943-44 that anoph- 
eline mosquitoes are destroyed for several months 
when the surfaces on which the insects rest are 
sprayed once with DDT solutions or water emul- 


sions. These findings were confirmed by investi- 
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gators in England, by the Allied Armed Forces, 
the USPHS, the Tennessee Valley Authority 
and others in various parts of the world. 


Eradication of Malaria Becomes Possible 


These results definitely indicated the feasibility 
of utilizing DDT residual spray for the control, 
and, eventually, the eradication of malaria. With 
DDT, it is not necessary to hit the insect at the 
time of spraying but only to spray the surface 
on which it rests. If, at some time during the 
essential ten days or longer when the parasites 
are developing in its body, the insect rests on the 
DDT residue, it dies before it can transmit ma- 
laria. When the malaria-carrying mosquitoes of a 
community are killed before they have time to 
become dangerous, transmission cannot occur and 
malaria fades away. Residual sprays such as 
DDT accomplish this killing more effectively and 
cheaply in the average community than any 
other weapon yet devised. Residual spraying 
makes eradication practicable. 

The advent of DDT made it possible to con- 
trol malaria economically. Since the residual ac- 
tion of DDT when sprayed on the walls of human 
habitations was effective in killing anopheline 
mosquitoes for many months, the expense of ma- 
laria control was reduced to the cost of spraying 
all houses once or twice a year. 

When the usefulness of DDT became apparent 
in 1942-43, the United States and the United 
Kingdom governments moved at once to make it 
widely available. So effective were these efforts 
that over 9.5 million pounds were produced in the 
United States in 1944 and over 47 million pounds 
in 1947; in 1959, the U. S. production reached 
157 million pounds. 

Malaria eradication in the United States. The 
appearance of DDT coincided with the deter- 
mination reached in the United States to eradi- 
cate malaria. Plans for the use of Paris green 
larvicide were abandoned; the new insecticide 
hastened eradication and greatly reduced its cost. 
In the United States, parts of which were pre- 
viously highly malarious, malaria is no longer 
endemic. The only epidemic observed in the past 
decade was a small outbreak of 35 cases, infected 
in 1952 by mosquitoes which had fed on a ma- 
larious veteran from Korea. During the same 
period no endemic foci of transmission have been 
found, in spite of the large number of infected 
soldiers returning to this country and the rela- 
tively large number of infected travelers and 
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migrant laborers entering the United States an- 
nually. 

Eradication in Italy. In Italy, well before the 
end of World War II, Soper et al. had experi- 
mented with DDT as a house spray, first at 
Castel Volturno, near Naples, early in 1944, and 
later the same year at Ostia Lido on the coast. 
Before the transmission season of 1945, all of the 
buildings were sprayed in the Tiber Delta and 
on the Maccarese Plain, where Missiroli had 
been studying malaria for many years. The cessa- 
tion of malaria transmission in these areas and 
the dramatic results obtained with DDT at 
Fondi after June, 1945, led Missiroli to outline 
publicly on January 20, 1946, a plan for the 
eradication of malaria in Italy within five years. 
Italy’s successful nation-wide eradication pro- 
gram began that year (see Annex II) in the 
Province of Latina, with the very important sup- 
port of the United Nations Relief and Rehabili- 
tation Administration (UN RRA) in the purchase 
of DDT and motor vehicles. 

In Italy, also, conversations began in 1944 
among representatives of the Italian Govern- 
ment, UNRRA and The Rockefeller Foundation 
relating to a joint effort to eradicate Anopheles 
labranchiae from the Island of Sardinia (Annex 
II), the most malarious part of the country. 
Plans crystallized in 1945 and the campaign in 
Sardinia was inaugurated in 1946. The rapid de- 
cline and eventual disappearance of malaria in 
Sardinia, and in Italy as a whole, once malaria 
transmission ceased, gave added support to the 
observation that malaria eradication occurs 
spontaneously in a very few years when reinfec- 
tion does not occur. 

Eradicationin South America, In South America, 
Gabaldon in Venezuela (Annex II) and Giglioli 
in British Guiana were the first two malariolo- 
gists outside of the United States to test spraying 
houses with DDT, and to realize its potential as 
an efficient measure for malaria eradication. 

Participation of international health agencies. 
For the international health agencies, anti-malaria 
activities had a high priority from the first in 
programs for aid to underdeveloped countries. 
UNRRA is credited for assisting the first Euro- 
pean national programs in Greece and in Italy 
which led to malaria eradication in Italy and to 
near success in Greece. The UNRRA program 
came to an end soon after the end of World War 
II, and other significant financing for anti-ma- 
laria work was not forthcoming for several years. 
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A high priority for malaria control was estab- 
lished at the first World Health Assembly in 1948. 
The annual budgets of the Pan American and 
World Health Organizations (WHO) were piti- 
fully small; only as the United Nations Childrens 
Fund (UNICEF) became interested and as 
Technical Assistance funds became available 
through the United Nations could these health 
organizations undertake active collaboration in 
malaria control. 


2. INTERNATIONAL MALARIA ERADICATION 


The introduction of DDT obviated the need 
for expensive drainage and costly larviciding 
operations, and made it practicable to control 
malaria in many agricultural areas, where the 
isolation of dwellings had made other methods of 
control impracticable. Thus was the door opened 
to the development of nation-wide control pro- 
grams. This, in turn, led repeatedly to the con- 
firmation of the observation that malaria, as a 
mosquito-borne disease, disappears from an in- 
fected population within a few years after trans- 
mission ceases, and that malaria reappears in 
cleared areas only when reintroduced by an in- 
fected person. 


Pan American Malaria Eradication Program 


1950 reconnaissance—XIII PAS Conference. 
In 1950, a Pan American Sanitary Bureau recon- 
naissance of the malarious countries of the 
Americas showed that nearly all of the countries 
with malaria problems were engaged in serious 
efforts to control it. Malaria was absent from 
Uruguay; eradicated in Chile, the coastal zone of 
British Guiana and the United States; and was 
greatly reduced in Argentina, Brazil and Vene- 
zuela; control programs were well advanced in 
most of the other countries. So rapidly had pro- 
grams expanded that approximately 50% of the 
estimated total homes in the malarious zones of 
the Americas were being sprayed that year, and 
it was hoped that the remaining homes would 
soon be included within the program. To initiate 
further program extension envisaging the possi- 
bility of eradicating the disease from the Western 
Hemisphere, the XIII Pan American Sanitary 
Conference (1950) recommended that the Pan 
American Sanitary Bureau stimulate and coordi- 
nate anti-malaria programs and arrange economic 
assistance to individual countries, with a view of 
achieving the continental eradication of malaria. 

Difficulties and danger: DDT-resistant Anoph- 
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eles. Campaigns were expanded by Governments, 
trained technicians were provided by PAHO/ 
WHO and equipment and materials were sup- 
plied by UNICEF to the Caribbean and Central 
American four South American 
countries. Malaria control campaigns were ini- 
tiated in every malarious country of the hemi- 
sphere. The disease toppled from its position as 
the leading public health problem in the Ameri- 
cas. Hopes were high, and the householders’ 


area and to 


enthusiasm for the method appeared to insure 
success of the eradication program. 

But success was not to come so easily. Unfor- 
tunately, the housefly, which was the house- 
holder’s visible measure of the value of an insec- 
ticide, developed a marked resistance to DDT (a 
phenomenon already reported from Greece, Italy 
and elsewhere), and the residual spray program 
lost much of its initial prestige. The publicity 
given to the rapid reduction in malaria following 
the introduction of residual spraying resulted in 
the general conviction that malaria was no longer 
an important problem and could be disregarded 
with safety. 

A second reconnaissance 
by the Pan American Sanitary Bureau in 1954 
showed that large numbers of homes in malarious 


1954 reconnaissance. 


areas were not included in control programs. 
Authorities reacted to other fiscal pressures and 
were reluctant to appropriate funds for control- 
ling a disease which seemed to cause but little 
damage. This situation, disappointing as it was, 
might have been accepted for the time being had 
it not been for the threat inherent in the develop- 
ment of resistance to DDT by certain species of 
Anopheles. 

Urgency of eradication recognized. It was most 
unfortunate that resistance developed before ma- 
laria had been eradicated, as the pre-DDT con- 
trol methods had proven too expensive for gen- 
eral use in rural areas, and were, therefore, limited 
to urban and village application. It was evident 
that should be eradicated from the 
Americas before anopheline resistance to insecti- 
cide became insurmountable. 


malaria 


XIV Pan American Sanitary Conference acts on 
eradication. Government representatives at the 
XIV Pan American Sanitary Conference in 1954 
recognized the danger of prolonged control pro- 
grams and the consequent hazard of the develop- 
ment of DDT-resistant strains of Anopheles. 
They called upon the Bureau to develop imme- 
diately a program of continental eradication to 
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meet the threat. The Conference recognized the 
need, as the eradication program progressed, to 
consider measures to prevent the immigration of 
infected persons into areas already free from in- 
fection. The Conference stressed the utmost 
urgency in achieving the continental eradication 
of malaria, and urged the member governments 
to convert immediately all control programs into 
eradication campaigns. 

Conversion from control to eradication. Realizing 
the seriousness of the situation and the need for 
quick action, the XIV Conference, 1954, author- 
ized an immediate annual increase of $100,000 to 
enable the Bureau to implement the Resolution 
of the XIII Conference of 1950—“‘. . . to provide 
for greatest intensification and coordination of 
anti-malaria work in the hemisphere, stimulating 
existing programs, facilitating interchange of in- 
formation and furnishing technical and, whenever 
possible, economic assistance to the various 
countries with a view to achieving the eradication 
of malaria from the Western Hemisphere.” Con- 
sidering the obvious inadequacy of this sum for 
financing active collaboration with governments 
in the extension of national programs, the Con- 
ference called upon the Director of the Bureau to 
secure the financial participation of organizations, 
public and private, national and international, in 
financing its malaria eradication activities. 


World Malaria Eradication Program 


Executive Board of UNICEF and UNICEF / 
WHO Health Committee. The mandate of the 
XIV Pan American Sanitary Conference in 
October, 1954, was followed in January, 1955, by 
the decision of the Government of Mexico to 
undertake the eradication of malaria. Mexico’s 
appeal to UNICEF in March, 1955, for assistance 
in its eradication program led to the decision of 
the Executive Board of UNICEF to consult the 
UNICEF/WHO Joint Committee on Health 
Policy as to the suitability of malaria eradication 
for the use of UNICEF funds in the field of 
health. The Joint Committee met on May 1 and 
enthusiastically approved the inclusion of ma- 
laria eradication among the programs worthy of 
UNICEF support. 

VIII World Health Assembly acts on global 
eradication. In Mexico City, a few days after the 
action of the UNICEF/WHO Joint Committee, 
the VIII World Health Assembly considered the 
action of the XIV Pan American Sanitary Con- 
ference and the recommendations of the WHO 
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Malaria Conference for the Western Pacific and 
South-East Asia Regions (November, 1954) and 
decided that ‘‘The World Health Organization 
should take the initiative, provide the technical 
advice, and encourage research and coordination 
of resources in the implementation of a pro- 
gramme having as its ultimate objective the 
world-wide eradication of malaria.”’ 

The Assembly established a Malaria Eradica- 
tion Special Account to receive and use special 
voluntary contributions from whatever source for 
financing WHO malaria eradication efforts. 

UNICEF support. The action, in 1955, of the 
representatives of the nations of the world in the 
governing bodies of UNICEF and of WHO 
showed that the peoples of the world greatly de- 
sired to be freed of malaria. Most were able and 
willing to provide for local costs, but found it 
impossible to purchase insecticides and equip- 
ment from abroad with their depreciated cur- 
rencies. As the global eradication campaign got 
under way, UNICEF not only accepted the 
eradication concept but declared that henceforth 
it would no longer supply insecticide and equip- 
ment for malaria control, but only for eradication. 
This provided a great stimulus to malaria eradica- 
tion, and UNICEF’s continuing sizeable assist- 
ance and moral support are heartening encourage- 
ment to those who believe that the eradication 
program must not stop until world-wide coverage 
has been achieved. 

USA support. In 1956, the International De- 
velopment Advisory Board (IDAB), stimulated 
by the concerted action of PAHO, UNICEF and 
WHO, made a study of the possibilities of ma- 
laria eradication in the countries in which ICA 
conducted co-operative malaria control programs. 
The Board recommended the conversion of all 
existing control to eradication programs, and 
that all new anti-malaria work be developed on 
an eradication rather than a control basis. 

In the course of its study, the IDAB undertook 
to estimate the over-all cost of the eradication of 
malaria from a selected list of some sixty coun- 
tries of immediate interest, and concluded (IDAB 
Report, April 13, 1956) that “a widespread ma- 
laria eradication project during the years 1957- 
61, inclusive, could be carried out for a five-year 
total of about $519 million,’”’ including the ex- 
penditure by each national government for its 
malaria eradication program. 

It was obvious that the resources of PAHO, 
WHO and UNICEF were inadequate to meet 
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the cost of technical orientation and coordination 
and the importation of insecticides, materials 
and motor transportation for eradication pro- 
grams on a global basis. An initial contribution 
of $1,500,000 was made by the United States to 
the PAHO Special Malaria Eradication Fund in 
Fiscal Year 1957; later the Congress approved 
the ICA plan for U. 8S. malaria eradication assist- 
ance to a number of countries on a bilateral 
basis, and for an annual contribution to the 
Special Funds of the PAHO and WHO for a 
five-year period. In December, 1957, WHO re- 
ceived its first special contribution from the U. S. 
for the eradication program, and the PAHO a 
second contribution. 

The action of the Congress, in 1957, sponsoring 
malaria eradication in the Mutual Security Act, 
was a major step in the development beginning 
with the war-time creation of the Institute of 
Inter-American Affairs (ITAA, 1942), pre- 
viously referred to, followed by the Marshall 
Plan for Europe (1948) and the Point IV Pro- 
gram (1949), now embodied in the International 
Cooperation Administration program. 

Under the administration of I[AA in the 
Americas, and elsewhere under the Economic 
Cooperation Administration (ECA), Mutual 
Security Agency (MSA), Technical Cooperation 
Administration (TCA), and Foreign Operations 
Administration (FOA), malaria control con- 
tinued to hold high priorities in foreign aid pro- 
grams, in the late 1940’s and early 1950’s in both 
hemispheres and on both sides of the equator. 
The International Cooperation Administration 
(ICA), the successor of FOA, with which ITAA 
is now integrated, continued this emphasis on 
malaria control, and in due course, has sup- 
ported the concept of eradication and has trans- 
formed control to eradication projects. Over sixty 
million dollars ($60,000,000) was spent by the 
United States on malaria control in other coun- 
tries from 1942 through Fiscal Year 1957, prior 
to the initiation of malaria eradication. 

With the adoption by the United States 
Government of a policy of supporting malaria 
eradication, ICA undertook to assist co-operating 
Governments in converting malaria control proj- 
ects to eradication. In the three-year period 
beginning July 1, 1957, the United States, 
through ICA, expended over $85 million (Table 
2) in co-operative malaria eradication projects 
and in contributions to the Special Malaria 
Funds of PAHO and WHO. The United States 
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support provided technical assistance, training, 
research and provision of commodities (such as 
insecticides, vehicles, sprayers and laboratory 
equipment). United States support has been es- 
sential to the development of malaria eradication, 
as it is today. In terms of the long-term welfare 
of mankind, malaria eradication may be the most 
significant program sponsored by the United 
States foreign aid policy. 


3. PROGRESS IN MALARIA ERADICATION 


The introduction of the residual insecticide, 
DDT, during World War II provided a new ap- 
proach to effective malaria control, and paved 
the way for national, regional, and world-wide 
malaria eradication. The decision of representa- 
tives of governments, meeting in the Pan Ameri- 
van Sanitary Conference in 1954, and in the 
Executive Board of UNICEF and the World 
Health Assembly in 1955, to unite in the com- 
mon cause of malaria eradication, has no prece- 
dent in the history of mankind. The declaration 
by the Congress of the United States in 1957 of 
“the policy of the United States to assist other 
peoples in their efforts to eradicate malaria” is 
the first declaration by any nation of war against 
a disease afflicting the human race. United States 
support, through both bilateral and multilateral 
channels, has been of outstanding importance in 
the signal progress achieved in recent years in 
the struggle to abolish malaria. 

Acceptance of the malaria eradication concept 
is vital to the success of the global program, which 
requires that all pockets of endemicity anywhere 
in the world be wiped out, removing all foci of 
transmission and sources of reinfection. 


Global Acceptance of the Concept of Eradication 


Fortunately, this concept has been accepted, 
in principle, by virtually every country in the 
world. Some 18 geographical or political units 
(listed as separate entities by the 1958 UN Demo- 
graphic Yearbook) have completed the job. 
Sixty-six other such political units have eradica- 
tion programs; of these, 20 have large and popu- 
lous areas where malaria is no longer found and 
22 others have previously malarious areas where 
new infections no longer occur. Thirty-two other 
countries and territories are preparing malaria 
eradication campaigns. 

USSR and eradication. The USSR has been 
engaged in eradication since 1952 and has sched- 
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uled its completion by 1962. It has called atten- 
tion to the dangers of reinfection from neighbor- 
ing countries, and is stimulating the development 
of eradication programs in Mainland China, 
North Vietnam and elsewhere. 


Summary of National Eradication Projects 


Only 37 political units, largely in Africa and 
Asia, have not yet initiated negotiations for the 
co-operation of bilateral or international organi- 
zations for eradication programs, pilot projects or 
preliminary surveys. In the Americas, Cuba and 
Haiti do not have organized eradication efforts. 
Preliminary steps to eradicate malaria in Cuba 
and Haiti have now been taken (Table 1). 

Of approximately one and a quarter billion 
people subject to malaria, 280,000,000 live in 
areas where malaria is reported to have been erad- 
icated, 55,000,000 live where transmission has been 
interrupted, and 730,000,000 are scheduled to be 
covered by eradication programs in 1960. Only 
some 183,000,000 live where no plans of eradica- 
tion have been formulated (Table 2). 


Summary of ICA Bilateral Projects 


The progress of malaria eradication in coun- 
tries assisted directly by ICA is shown in Table 3; 
of the 24 eradication projects listed, the largest 
is in India, where it has been estimated that one- 
third of the malaria problem of the world is con- 
centrated (exclusive of Mainland China). India 
has over 390,000,000 people living in malarious 
areas, all of whom are scheduled for protection 
during 1960. The most advanced ICA program 
is in Taiwan, where eradication is practically 
complete. In an intensive survey carried out in 
1959, only 167 infected persons were found in an 
examination of more than 750,000 blood smears; 
almost all of the positives were old infections. 


Administrative and Financial Considerations 


Although substantial progress toward the 
global eradication of malaria has been made, the 
program has been marked by delays due to 
technical, administrative and financial problems. 
While these problems have been expected and 
are not excessive in view of the magnitude and 
range of the world-wide program, they must be 
overcome if eradication is to be accomplished 
within anticipated time and budgetary limits. 

One great difficulty has been the reluctance of 
governments to establish malaria eradication 
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TABLE 1 


Malarious countries and territories* grouped according to their present position regarding 
eradication—as of January 1960 (data from WHO and other sources) t 











1. Eradication completed (18 countries or territories including a population of 108 million living in once- 
malarious areas) 





Barbados Lithuania (USSR) 
Byelo-Russia (USSR) Moldavia (USSR) 
Chile Martinique 
Corsica (French) | Netherlands 
Cyprus Puerto Rico 

Gaza Strip Singapore 
Hungary (understood to be eradicated) Tobago 

Italy Ukraine (USSR) 
Latvia (USSR) United States 








2. Eradication program in operation (66 countries, 893,501,000 exposed to malaria before initiation of 
program) 





Afghanistan Guatemala Philippines 

Albania Honduras Portugal 

Algeria India Portuguese India 
Argentina Indonesia Romania 

Bolivia Iran Ryuku Islands 
Brazil Iraq Sarawak 

British Guiana Israel Spain 

British Honduras Jamaica St. Lucia 

Bulgaria Jordan Surinam 

Burma Laos Swaziland 

Cambodia La Reunion Thailand 

Ceylon Lebanon Trinidad 

China (Taiwan) Libya Turkey 

Colombia Malagasay (Rep. of) UAR—Egypt 

Costa Rica Mauritius UAR—Syria 
Dominica Mexico Union of South Africa 
Dominican Republic Nepal USSR 

Ecuador Nicaragua Venezuela 

El Salvador Panama Vietnam (Rep. of) 
French Guiana Panama Canal Zone Yugoslavia 

Greece Paraguay Zanzibar and Pemba 
Grenada Peru 
Guadeloupe 





3. Preparing for malaria eradication 





A. Plan of operation—program suspended 
Haiti (3 million exposed to malaria) 
B. Pre-eradication survey (5 countries, 85 million exposed to malaria) 
Bechuanaland Pakistan Somaliland (UK) 
Korea (Rep. of) Saudi Arabia 
. Pilot project (14 countries, 59 million exposed to malaria) 
Cameroons, State of Nigeria Sudan 
Dahomey, Republic of North Borneo Togo 
Ethiopia and Eritrea Senegal Uganda 
Liberia Somalia Voltaic Republic 
Netherlands New Guinea South Rhodesia 
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TABLE 1—Continued 


D. Negotiations 
malaria) 
Angola 
Belgian Congo 
Central African Rep. Malaya Sierra Leone 
Cuba Morocco Tunisia 

4. No malaria eradication program yet contemplated (37 countries, 43 million exposed to malaria) 
Aden Protectorate Ivory Coast (Rep. of) 


underway for a malaria eradication program (12 countries, 62 million exposed to 


Ghana 
Guinea 


Mozambique 
Ruanda-Urundi 


Nyasaland 


Australia Japan 
Bahrein Kenya 
Bhutan Macao 
Brunei 

Cameroons (Br.) 
Cape Verde Islands 
Chad (Rep. of) 
Comoro 

Congo (Rep. of) 
Gabon (Rep. of) 
Gambia (Rep. of) 
Hong Kong 


Maldive Islands 
Mauretania (Rep. of) 
Muscat and Oman 
New Hebrides 

Niger (Rep. of) 
North Rhodesia 


Papua & New Guinea 
Portuguese Guinea 
Qatar 

Sao Tome & Principe 
Solomon Islands 
South West Africa 
Spanish Guinea 
Spanish N. Africa 
Sudan (Rep. of) 
Tanganyika 

Timor 

Trucial Oman 

Yemen 


* Political entities are given as listed by the 1959 UN Demographic Yearbook. 
+t Data are unavailable on malaria status or planning in Mainland China, North Korea, and North 


Vietnam. 


organizations with the necessary authority and 
financing as outlined in the administrative section 
of this report. Eradication requires a high degree 
of competence and the eradication organization 
must have sufficient legal and administrative 
authority to operate efficiently. In many cases, 
eradication has been attempted through existing 
malaria control organizations, and often the 
eradication program has had to struggle with 
inadequate financing and lack of administrative 
authority. To be effective, eradication efforts 
must be given full governmental support and 
freedom of action; anything less leads to unneces- 
sary delay and serious waste of funds. 

The technique of eradication differs radically 
from that of control. In control one may com- 
mence operations in an obviously malarious area 
and expand slowly until areas of low infection are 
reached or until funds are exhausted. 

Eradication cannot follow such a laissez-faire 
procedure. Those preparing for an eradication 
campaign must estimate and budget for each 
year of at least an eight-year program. The first 
year is one of preparation and is given over to 
organization of staff, procuring of equipment and 
materials, training of personnel, making a com- 
prehensive malariometric survey, and geograph- 
ical reconnaissance. 


Administrative phases of eradication. After this 
first year of preparation come four years of attack 
(four years of house spraying with residual in- 
secticide to interrupt transmission and to give 
time for infection to die out in the human host). 
The four years of attack are followed by three 
years of surveillance (final or consolidation phase) 
to confirm fully the absence of malaria, all within 
the projected eight-year period. 

After surveillance, the national health service 
must assume responsibility for maintenance until 
malaria is gone from the world, lest reinfection 
from abroad take place. 

Before the program is initiated, a budget must 
be assured for staff, equipment, materials, and 
training in each of these eight years, because any 
interruption of a national program, after it has 
been launched, may require a repetition of all 
four years of attack, adding greatly to the cost of 
eradication. 

In very large countries, it is sometimes neces- 
sary, for budgetary or personnel reasons, for 
governments to divide the country into two or 
more conveniently sized areas, to commence 
operations in these areas successively, by stages, 
rather than attempting full, nation-wide coverage 
in the first year. 
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Lessons from Experience 

After the experience of the past four years, 
malariologists are much better able to cope with 
the technical and administrative problems of 
eradication in many parts of the world. Especially 
valuable have been the lessons learned in those 
countries which have had extensive malaria con- 
trol programs that were converted to eradication. 
In some, malaria transmission had been com- 
pletely interrupted for some years in heavily 
populated areas; but, when house spraying was 
discontinued, the disease was reintroduced from 
peripheral areas which had not been adequately 
covered. In others, failure to spray all summer- 
time habitations of agricultural workers, to 
recognize early evidence of extra-domiciliary 
transmission, to extend the program to all ma- 
larious areas as rapidly as resources permitted, 
and to provide sound administration has greatly 
delayed eradication and has increased consider- 
ably the ultimate cost. 

The value of thorough education of the top 
authorities of governments and the people con- 
cerning the methods and objectives of the malaria 
eradication campaign, of adapting the spraying 
program to the specific needs of different areas, 
and of early identification of the problem areas 
of transmission through adequate epidemiological 
evaluation is well demonstrated in significant 
savings of time and money. 

The basic lesson learned from these programs 
is that one cannot plan a complete national pro- 
gram from the beginning and blindly follow the 
calendar of proposed operations; rather is it im- 
portant that constant studies be made to identify 
those areas where transmission ceases immedi- 
ately after spraying and those where transmission 
continues. The adaptation of methods to local 
problems will result in greater efficiency, reduce 
the period of the eradication program and permit 
considerable economies. 

The development of the technical advisory 
staff of ICA, PAHO and WHO and their intimate 
co-operation are making possible the rapid dis- 
semination of the lessons learned in each country 


Importance to Children 
UNICEF, which embarked on support for 
malaria eradication programs in Latin America 
as early as 1955, recognizes more and more the 
importance of malaria eradication to the children 
of the world and is devoting more than a third of 
its budget to this single program. 


Future Prospects 


In recent years, the results of field investiga- 
tions and pilot projects in Africa have indicated 
that eradication in this continent may not be 
much more difficult technically than elsewhere 
(see Tropical Africa). 

Outstanding progress in eradication has been 
reported from all parts of the world. Even more 
important, the development of technical and 
administrative ability is producing an atmos- 
phere of optimism and determination in the ma- 
larious countries of the world to get on with the 
job of global malaria eradication. No other pro- 
posal for international co-operation in health ap- 
pears to have had the universality of response 
that has been accorded to the malaria eradication 
program. 


4. TECHNICAL CONSIDERATIONS 


There are relatively few countries in which 
malaria is transmitted in all the inhabited parts 
of the country. Breeding places for malaria 
vectors are not distributed equally throughout a 
country. Often unfavorably low temperatures 
are found as one goes into more temperate zones 
or increasing elevations. 

Spraying non-malarious areas is an unnecessary 
waste of funds, while failure to spray all malarious 
areas may endanger the success of the entire 
program. The basic reason for deciding that an 
area requires spraying is that malaria is locally 
contracted. The presence of a known vector is of 
concern only in those areas where malaria trans- 
mission occurs. Because of the difficulty, at times, 
of demonstrating transmission, there has been a 
tendency to include all areas in which vectors 
could be found in any number or stage of develop- 
ment. There are few vectors, however, which 
cannot be found outside the malarious area. 
Therefore, unnecessary spraying where trans- 
mission does not occur wastes time, personnel 
and materials, adding needless costs to the entire 
program. 


Epidemiological Considerations 


Localities with some years of effective malaria 
control may require shorter periods of complete 
coverage than do unsprayed areas. Or it may be 
found that a full-time schedule of eradication 
spraying must be added to the years of partially 
effective control spraying. Such decisions must 
be made in the light of wide experience in ma- 
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lariology and carefully planned studies, if ef- 
fective and economical eradication is to be ac- 
complished. A malariologist experienced in one 
country, must realize that conditions and the 
resultant malaria problem may be quite diff- 
erent in another. 

Global eradication of malaria is planned on the 
basis of interrupting transmission of the malaria 
parasite from person to person, rather than 
through a general attack aimed at eradicating 
the vector mosquitoes. The objective is reached 
when transmission has been interrupted with the 
absence of new infections for such a period of time 
as is necessary for the old infections to die out 
spontaneously. 

When converting a control program to eradica- 
tion, two important steps are necessary : 

(1) Locate unsprayed, malarious areas. Us- 
ally there are fringe areas or isolated places not 
previously included because they were only 
moderately malarious or had small populations 
difficult of access. With an antimalaria organiza- 
tion already in existence, it should not be difficult 
to determine the additional areas to be included. 

(2) Assess the results of any control program 
to be converted to an eradication campaign. 
Where malariometric studies show that trans- 
mission has not been interrupted, a full program 
of eradication must be developed as though no 
spraying had been done in the past. Where the 
records and malariometric studies indicate the 
absence of malaria, or its presence only in scat- 
tered foci at very low endemic levels, spraying 
may be judiciously reduced or discontinued. 
There may be danger in halting spray operations 
in less than three years after transmission ap- 
pears to have been interrupted. 

Delimiting the malarious areas where careful 
studies have not been made is difficult. Where 
delimitation has been hurried to permit cost 
estimates for eradication planning, great em- 
barrassment may ensue, should the tentative 
estimates become binding and prove to be inade- 
quate. 

Where the entire country is notoriously ma- 
larious, preparation of cost estimates are rela- 
tively easy. In others, the boundaries of endemic 
areas can only be indicated approximately by 
easily recognized geographical or political land- 
marks. 

A study of the available records, discussions 
with informed national workers and well-pointed 
field trips should quickly orient one as to ma- 
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larious conditions in a country. Field observations 
are adequate to confirm the existence of malaria 
in moderately and heavily infected areas. A care- 
ful study of potential breeding areas, climatic 
factors and vector habits readily establishes and 
explains the pattern for the production of ma- 
laria. The influence of irrigation, rice culture, 
fish ponds, salinity of water and other local con- 
ditions becomes obvious. With this pattern de- 
lineated, one is better able to analyze the malaria 
situation in the remaining territory. 

Delineation of malarious areas to be sprayed. 
Special attention must be given to the problem 
of how far spraying should be extended from 
obviously malarious to nonmalarious areas. 
When one proceeds to higher altitudes, careful 
delineation is especially important because diffi- 
culty of transportation and relative inaccessi- 
bility of population greatly increase the per 
capita cost of spraying. Where the evidence of 
malaria is doubtful, and the per capita cost of 
spraying would be excessive, it may be justifiable 
to limit spraying operations somewhat in such 
areas the first year, and let the continued pres- 
ence of malaria outline the area to be sprayed. If 
this technique is to be used, very careful entomo- 
logical and epidemiological observations should 
be made in the fringe area. Experience shows that 
in certain areas the small amount of malaria 
present had its roots in a more malarious neigh- 
boring area and disappeared readily during the 
first year of the eradication program in the source 
area. 

It is obvious that where evidence of transmission 
of malaria is found during the first year, provision 
must be made for spraying thereafter. 

Determination of the degree of endemicity re- 
quires careful sampling procedures with examina- 
tion of a considerable portion of the entire popula- 
tion. The simple determination as to whether 
malaria is or is not present, on the other hand, 
can often be established by much simpler proce- 
dures, and even by analogy with conditions 
known to exist elsewhere. In the absence of in- 
formation as to the degree of endemicity, all 
endemicity should call for spraying. 

Duration of spraying. The length of time that 
spraying continues will be determined by epi- 
demiological evaluation during the course of the 
campaign. In those countries where the degree of 
endemicity in different areas can be readily estab- 
lished, it may be possible to vary the eradication 
campaign adapting it to each individual area. 
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This should result in considerable savings in 
personnel and funds required for the program as 
a whole; in areas with minimal malaria, as in the 
coastal plain of Taiwan, the duration of spraying 
operations may be shortened. In some areas, two 
years of spraying may be sufficient, and in others 
possibly one will be adequate. Any decision for 
the reduction of the period of spraying should be 
justified by at least one year of good surveillance 
without evidence of continuing transmission. 

On the other hand, in areas of high endemicity 
where transmission has been intense, meticulous 
care should be taken to insure efficient, complete 
spraying, for the standard four-year period, of all 
dwellings and sleeping quarters within the ma- 
larious area. 

In determining malarious areas, the possibility 
of periodic epidemics invading areas where in 
normal years malaria is practically non-existent 
must be kept in mind; where such areas are not 
to be sprayed, careful observation should be 
maintained until malaria has been eradicated 
from neighboring areas from which these epidemic 
areas might be reinfected. 

Fringe and mobile populations. Experience in 
eradication programs has demonstrated conclu- 
sively the necessity of carrying measures of pre- 
vention to all elements of the exposed population, 
rather than the all too common practice of reach- 
ing only the easily accessible populations. One of 
the great advantages of the eradication concept is 
the mandatory obligation to carry the benefits of 
preventive medicine to fringe populations living 
in isolated and sparsely settled areas, often hilly 
and of difficult access both to the sprayman and 
to the supervisor. Failure to include these fringe 
populations in malaria eradication programs has 
delayed eradication in a number of countries. A 
common observation has been the rapid decrease 
of malaria during the first two years of the eradi- 
cation program in the readily accessible and 
heavily populated parts of a country, with some 
reduction of malaria in the fringe areas but with 
transmission still continuing there. Where this 
occurs, eventual interruption of spraying leads to 
reinfection of the clean areas and forces the re- 
organization of spraying operations in the “dis- 
continued” areas. 

Even the best administered service, with one 
hundred per cent efficiency in blocking transmis- 
sion, will fall short of eradication if coverage is 
limited to the area occupied by 95% of the ex- 
posed population. On the other hand, a less 
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efficient service throughout the entire malarious 
area of the country may succeed, if operating 
with sufficient frequency over an adequate period 
of time. 

Indigenous tribes living in isolated regions, 
some of whom have never figured in the national 
census, constitute important problems for ma- 
laria eradication programs. Each situation re- 
quires special study, and eventually, the collab- 
oration of the leaders of the tribe for its solution. 
The possibility of eradicating malaria through 
drugs administered in table salt supplied to an 
entire area is being tested in different parts of 
the world. General formulae cannot be written 
for the special problems met in different regions; 
each special problem must be studied carefully to 
determine the proper measures to be applied. 

Similarly, the movements of lumbering and 
road construction gangs, and of migrant and 
seasonal laborers, can best be followed by in- 
spectors resident in and responsible for a defi- 
nitely delimited geographical area. Migration is 
understood in this context to refer to the move- 
ment of populations seasonally from one part of 
the country to another or even from one country 
to another across an international boundary line, 
when such movement is associated with the 
seasonal harvesting of crops, grazing or other agri- 
cultural activities. Immigration for our purposes 
refers to the more limited passage from one coun- 
try to another of individuals who are not part 
of a regular rhythmical movement of population. 

The term labor movement, has been introduced 
to refer particularly to the movement of large 
numbers of young men for limited periods as 
from one part of Africa to another, in connection 
especially with mining or industrial operations. 
Technically, the problem posed by the reinfec- 
tion of “eradicated” areas by the movement of 
population is the same whether such movement of 
population be within the borders of a given coun- 
try or across frontiers. In each case, the popula- 
tion exposed to reinfection must promote the 
eradication of malaria in the areas from which 
the reinfection threatens, whether the threat 
comes from within or from outside the country. 
Once eradication starts in a given country, that 
country automatically acquires a stake in the 
eradication of malaria in all countries and espe- 
cially in those from which it may be reinfected 
readily. In the same way, within the country 
itself, eradication does not permit the neglect of 
any segment of population exposed to infection. 
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The reinfection of “eradicated” areas by mi- 
grant workers, then, is best handled by the ex- 
tension of eradication measures to cover the point 
of origin of the moving population. The United 
States, where a number of cases of malaria have 
regularly occurred in the past in connection with 
encampments of migrant laborers from Mexico, 
is benefiting from the Mexican eradication pro- 
gram through a reduction, and presumably in 
the near future, the disappearance of this source 
of reinfection. 

Until the last decade and a half, malaria was 
essentially a problem for the local community 
where it existed, and by no stretch of the imagi- 
nation was it ever considered solvable by isolation 
or quarantine measures. With the development 
of eradication techniques, however, communities 
which continue to have malaria constitute a 
threat of reinfection to “eradicated”’ areas. 

a. Immigration. With evidence of the impor- 
tance of the reintroduction of malaria parasites 
into communities which have been freed, there 
has developed a demand on the part of certain 
governments for the adoption of international 
measures which will enable malaria-free areas to 
protect themselves against reinfection from ma- 
larious areas (e.g., the action of French Guiana at 
the XIV Pan American Sanitary Conference, 
1954). The first international meeting for the 
discussion of this point was called by the World 
Health Organization in Athens in 1956, and 
future meetings are anticipated. 

b. Pilgrimages. The annual pilgrimages to 
Mecca from all parts of the Moslem world have 
been notorious for their influence on the spread 
of smallpox, cholera, and other infectious dis- 
eases. The threat of pilgrims carrying malaria 
from one country to another will decline as ma- 
laria eradication programs proceed in certain 
countries and as the tendency to use airplane 
transportation increases. But, in the meantime, 
the pilgrims who set out for Mecca, particularly 
overland, must be considered as possible sources 
of reinfection to ‘‘eradicated”’ areas, en route. 

c. Nomadism. Malaria exists in many countries 
where nomadism is the way of life of many 


thousands of people. Nomadism presents a defi- 
nite obstacle to the easy eradication of malaria 
by the routine application of residual insecticide 
to human habitations. The facts that people are 
without fixed habitations, use such portable 
dwellings as tents, and move about during certain 
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months of the year completely out of touch with 
population centers, increase the difficulties. 

Among the measures to be stressed are (1) 
complete interruption of transmission in villages 
near which the nomads camp; (2) regular spray- 
ing of tents and temporary huts and shelters; (3) 
mass drug therapy, perhaps by medicated salt, 
when the tribes sojourn in their fixed sites; and 
(4) selecting and training spraymen and surveil- 
lance agents from among the tribesmen, to work 
among them especially during the migration 
period. 

In certain areas, the study of the habits of the 
nomads and the movements from place to place 
may reveal situations which can best be handled 
by larviciding, that is, by an attack on the limited 
breeding places of the vector in arid and semi- 
arid regions, rather than by attempting to spray 
the habitations of the nomads or to attempt the 
eradication of the parasite by drug treatment. In 
areas where mosquito breeding is limited in space 
and occurs only during certain weeks or months 
of the year, it may prove relatively simple to 
eradicate vector species from desert areas rather 
than to maintain permanent control. A restudy of 
the data on the rapidity of Anopheles gambiae 
eradication from Brazil, once a satisfactory 
technique had been established, and on the speed 
with which Anopheles gambiae disappeared from 
the Nile Valley in Egypt between November, 
1944, and March, 1945, (the last Anopheles 
gambiae found in Egypt was collected on Febru- 
ary 19, 1945) may lead to a reconsideration of the 
use of larvicides rather than residual insecticides 
in many areas where nomadism is a problem. 

d. Fringe habitations. Special administrative 
effort is needed to establish definite individual 
responsibility of employees of the Malaria Service 
for searching out and spraying in definitely de- 
limited geographical areas all fringe habitations 
and temporary shelters as (1) the huts used by 
farmers during periods when they are gardening 
or harvesting their crops at a distance from their 
homes, for example, the “rice kitchens’ in Liberia 
and the “farm kitchens” on Zanzibar; (2) the huts 
of farmers who try to remain inconspicuous in 
relatively inaccessible places because they are 
raising narcotics, illegally clearing land, or other- 
wise contravening the law; (3) the dwellings of 
pioneers who push out into previously underde- 
veloped areas, often because their former home 
communities in contiguous areas become crowded 
following interruption of malaria transmission; 
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and (4) shelters in which hunters, woodcutters, 
fishermen, road workers, forest guards, vaca- 
tionists, etc., sleep from time to time. 

In some countries, planes or helicopters may 
be borrowed or hired for use in scouting out 
isolated habitations. In all malaria eradication 
programs it is important to have adequate pro- 
vision for finding all fringe habitations in which 
persons may become infected with malaria. 

Special attention must be given to fringe areas 
to insure their adequate coverage by the Epi- 
demiological Evaluation Service. These areas 
merit continuing surveys to determine when ma- 
laria transmission ceases. 


Entomological Considerations 


The successful eradication of malaria by the 
spraying of residual insecticides is based on the 
habits of the important anopheline vectors, which 
in most areas of the world, characteristically in- 
vade human habitations in search of blood meals. 
After feeding, the engorged mosquitoes rest upon 
walls and ceilings of dwellings where they absorb 
lethal doses of DDT or other residual insecticides. 
Careful study of a few vector species, indicates 
that from one to fifteen minutes of actual contact 
with a DDT deposit is required to produce 100% 
mortality in normally susceptible insects. The 
residual spraying procedure is so effective that 
vectors which both feed and rest indoors, such as 
Anopheles sacharovi in Israel and A. darlingi in 
coastal British Guiana and in Venezuela, have 
been virtually exterminated by properly con- 
ducted campaigns. 

Outdoor feeding and resting habits of vectors. 
There is a wide variety of feeding and resting 
habits of the various vector anophelines. A good 
example is A. gambiae, the most important vector 
in Africa. During its excursion to Brazil in the 
1930’s, this species was found to feed only at 
night and always indoors, as in much of its range 
in Africa; after feeding, it rested indoors. In 
Uganda, however, it is known to attack man out- 
doors even at mid-day as well as at night, and 
blood-fed, engorged females are frequently found 
in outdoor resting places. 

This type of natural behavioristic avoidance of 
houses is believed to have prevented the complete 
interruption of malaria transmission by residual 
spraying in Trinidad in the case of A. bellator, an 
important vector which readily feeds on man in 
shaded woods during the day and invades human 
bedrooms only infrequently; and also with A. 
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aquasalis, A. cruzi-cruzi, and A. nuftez-tovari in 
South America. A. sundaicus in part of Indonesia 
has been reported as avoiding DDT- and dieldrin- 
sprayed walls; A. sergenti in Jordan has also been 
observed to feed and rest outdoors. Residual 
spray operations will not be effective in such 
areas. 

As more and more areas of the world are drawn 
into the global residual spraying campaign 
against malaria, other examples of such natural 
behavioristic avoidance among anopheline vec- 
tors of malaria may be found. Additionally, there 
is evidence of the acquired trait of behavioristic 
resistance by such vectors as A. albimanus, A. 
darlingt and A. sacharovi. Strains with such be- 
havioristic resistance have an apparent hyper- 
irritability to DDT residues and therefore do not 
rest on treated surfaces long enough to acquire 
lethal doses of the insecticide. 

It is apparent that where the dominant malaria 
vector in an area is one which exhibits either 
natural behavioristic avoidance or acquired be- 
havioristic resistance, the normal methods of 
residual spraying will not be fully effective. This 
emphasizes the need for adequate entomological 
and epidemiological studies during all malaria 
spraying programs. On the basis of the informa- 
tion obtained it may be necessary to introduce 
supplementary eradication measures such as the 
use of persistent fumigants, larviciding, or chemo- 
therapy. 

Insecticide dosage and cycle. The principla 
method of achieving malaria eradication is the 
application of residual insecticides to habitations 
and animal shelters nearby to destroy the vector 
mosquitoes and thus prevent transmission of the 
malaria parasite. DDT, dieldrin, and, to a much 
lesser extent, BHC are the residual insecticides 
used to date in malaria eradication. For logical 
reasons, there have been wide variations in the 
dosages and spraying cycles used for malaria con- 
trol in different countries. On the other hand, 
there has been a tendency in some cases to adopt 
dosages and spraying cycles based on a precedent 
set in early control and eradication programs. 
Further research and experience have shown that 
in many instances a dosage of one gram of DDT 
per square meter (1 g/m?) instead of the two 
grams per square meter (2 g/m*) used in the early 
programs, is adequate. 

a. Effect of transmission period. The periodf o 
transmission of malaria in a given area may pro- 
foundly affect the spraying schedule. If this 
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period is found to be no longer than six months, 
every effort should be made to concentrate the 
spraying in the two months before the season 
begins, so that one spraying a year would be 
adequate. Where transmission may occur at any 
or all seasons of the year, as in many tropical 
areas, planning should be for at least two spray- 
ings a year, whether concentrated in short periods 
because of the local labor supply or continuously 
throughout the year with a constant force of 
spraymen. Varying physical factors—climate, 
materials used in the walls that are to be sprayed, 
and others—affect the residual effectiveness of the 
insecticide, prolonging it in some areas and 
shortening it in others. Cost calculations are 
based on averages and what is lost in one area 
may be gained in another. 

b. Other factors. In determining the dosage and, 
to some extent, the number of sprayings each 
year, consideration must be given to other factors 
that affect malaria transmission. Some of these 
are: (1) efficacy of insecticidal residue against the 
specific vectors involved; (2) thoroughness of 
treatment; (3) completeness in spraying all houses 
in the eradication area; (4) habits of vector in 
relation to host and treated surfaces; (5) modifica- 
tion of, or additions to, houses after spraying 
which reduces effectiveness of residual deposit; 
(6) influence of surface on residual action of de- 
posit; (7) circumstances which influence efficacy 
of deposits (humidity, soot, painting, papering, 
etc.); (8) climatic conditions of country; (9) 
seasonal abundance of vector; and (10) incidence 
and availability of infected human hosts. 

c. Insecticide dosage. Accurate and adequate 
information on the foregoing elements was not 
available for all countries and all vectors before 
malaria control and eradication operations were 
begun. In some countries, DDT dosages have 
ranged from 0.25 to 2.6 g/m? and application 
intervals have varied from 6 weeks to 12 months. 
With dieldrin, the dosages have ranged from 0.25 
to 1.2 g/m? and the number of applications per 
year from 1 to 2. Despite the reportedly successful 
use of these wide ranges of dosages and spraying 
cycles, most countries have used DDT at 2 g/m? 
applied every 6 months and dieldrin at 0.6 g/m? 
at yearly intervals. 

To aid countries in their selection of dosages 
and spraying cycles, the WHO Expert Commit- 
tee on Malaria and the WHO Expert Committee 
on Insecticides have supplied information from 
time to time on field use experience and on 
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laboratory tests with these insecticides. Unfortu- 
nately, those directing the malaria programs in 
some countries gained the impression that the 
WHO committees recommended for universal 
use standard dosages of DDT at 2 g/m? applied 
every 6 months and dieldrin at 0.6 g/m? every 
12 months, and there has been a tendency to 
hold to these dosages and spraying cycles without 
regard to the ten factors mentioned above. 

The Panel has noted that India is making ex- 
cellent progress in malaria eradication with DDT 
at a dosage of 1 g/m? every 6 months. Labora- 
tory data have indicated little difference in 1 or 
2 g/m? of DDT for 6 months after application. 
Likewise, field and laboratory data indicate 
0.25 g/m? of dieldrin to be satisfactory for 6 
months at least against some malaria vectors 
in some countries. Experience in many areas has 
shown that the erection of new homes and fre- 
quent changes in wall surfaces after spraying 
make it desirable to repeat spray coverages at 
least as often as every 6 months. On the basis 
of these considerations, the Panel recommends 
that the standard treatment for malaria eradica- 
tion be one gram of DDT per square meter ap- 
plied every 6 months. The Panel fully recognizes 
that this standard dosage and spraying cycle will 
not be suitable for all situations throughout the 
world, but it believes that they should be used 
until entomological and epidemiological studies 
show that other dosages, other insecticides, and 
other schedules of application are indicated. 

d. When resistance appears. In the case of re- 
sistance to DDT, the Panel recommends that 
dieldrin be used at the rate of 0.25 g/m* every 
six months unless adequate data are available 
to justify a different dosage and spraying cycle. 
The appearance of resistance to DDT in localized 
areas should not be the signal for a country-wide 
change to dieldrin. The latter should be used 
only in the specific areas where resistance to 
DDT has been demonstrated. 

In the case of dual resistance to both DDT and 
dieldrin, malathion is presently recommended as 
a substitute. Malathion should be used only in 
those specific areas where resistance to both DDT 
and dieldrin have been demonstrated and should 
be applied at 1 g/m*. On wood and paper sur- 
faces, this dosage is effective for six months, but 
on mud, thatch and certain other types of sur- 
faces, applications should be repeated every 
three months. Since these recommendations are 
based on limited field tests, entomological and 
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epidemiological studies should be made to deter- 
mine if these suggested dosages and spraying 
cycles are adequate in the specific areas where 
malathion is used. 

e. Need for epidemiological studies. Because of 
the complexities of the factors which determine 
the duration of effectiveness of a residual spray 
application in any given area, adequate epidemio- 
logical and entomological studies should be con- 
ducted in each country, along with spraying 
operations, to obtain the necessary information 
essential for the effective and efficient use of the 
insecticides. In those countries where malaria 
eradication has not yet begun, it is desirable that 
such studies be included as part of the planning 
phase of the program. These should be considered 
as an integral part of the over-all program and 
should be provided for in the budgeting for 
malaria eradication. 


Resistance to Insecticide 

Definition. “Resistance to insecticide” is the 
term applied to a phenomenon whereby an insect 
species or population becomes able to survive 
exposure to dosages of insecticide previously 
fatal to it. Physiological resistance is due to the 
ability of some or all insects of a population to 
withstand the action of the insecticide. In the 
case of susceptible populations, selective killing 
of a large number of susceptibles permits in- 
creased opportunities for the very small number 
of resistant individuals to interbreed and later 
predominate. 

Behavioristic resistance is due to a change in 
behavior whereby the insects avoid lethal contact 
with the insecticide. When the proportion of the 
resistant strain becomes sufficiently large, the 
insecticide fails to achieve the desired reduction in 
insect numbers. 

Specificity. Resistance in insect strains is 
generally specific to the insecticide to which the 
insect population has been exposed for a number 
of generations. However, resistance may develop 
concurrently without prior exposure to closely 
related chemical analogues. For example, house- 
flies highly resistant to DDT are also generally 
resistant to the DDT analogues, methoxcychlor 


and TDE. Such resistant strains may remain 
susceptible to less closely related chlorinated 
hydrocarbons, such as lindane or dieldrin. Sub- 
sequent exposure, for a period of several genera- 
tions, to such insecticides may lead to strains 
resistant to both types of chlorinated hydrocar- 
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bons. Presently, most DDT-resistant vector 
species are still susceptible to dieldrin, although 
there are some instances where resistance has 
developed to both insecticides. In those instances 
DDT-dieldrin resistant species are susceptible to 
organophosphorus insecticides. 

Agriculture. An important facet of the resist- 
ance problem is the fact that DDT, dieldrin, and 
BHC—the materials used in house spraying for 
malaria control and eradication—are also used 
widely in agriculture. The dusting of crops 
contaminates nearby waters, breeding places of 
anopheline mosquitoes, thus exposing the larval 
stage also to the insecticides. In such areas the 
malaria vectors may be exposed both as adults 
and larvae, and this is known to have accelerated 
the development of resistance in some species. 
For example, Anopheles quadrimaculatus, the 
principal malaria vector in the United States, 
developed resistance to dieldrin, BHC and re- 
lated compounds in Mississippi solely as the result 
of their use in agriculture. As agriculture expands 
in the less well developed countries, agricultural 
use of insecticides can be expected to be of in- 
creasing importance as a factor contributing to 
the development of resistance. 

Discovery of resistance. Insecticide resistance in 
an anopheline vector of malaria was first sus- 
pected in Anopheles sacharovi in Greece in 1949 
but was not confirmed for several years because 
of the lack of an adequate quantitative evaluation 
technique. Quantitative evaluation techniques 
are now available for prompt detection of resist- 
ance in mosquito larvae and adults. 

Urgency. The appearance of resistance in 
anopheline vectors of malaria was one of the 
compelling factors in the decisions of the Pan 
American and World Health Organizations, and 
of ICA, to sponsor malaria eradication, hoping to 
achieve it before the potential danger of resistance 
in malaria vector species materialized. At that 
time, physiological resistance had been reported 
in seven vector species. 

The policy makers and planners of these 
organizations did not overemphasize the potential 
danger of the resistance problem becoming more 
severe and widespread. This is evidenced by the 
fact that by the end of 1959, resistance had been 
detected in 21 anopheline species in 29 different 
countries (Figure 1). Of these, one species is 
resistant to DDT alone, 13 to dieldrin alone, and 
7 to both DDT and dieldrin. In most cases this 
resistance is still in the incipient stage and is 
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limited geographically to relatively small portions 
of the range of affected species of Anopheles. It 
can be expected to spread geographically if there 
is continued use of the insecticide. 

Effect on program. The Malariologist faces a 
dilemma in any area where resistance to DDT 
appears for the first time. Previously, it would 
have been recommended that dieldrin be sub- 
stituted immediately for DDT. However, experi- 
ence has shown that resistance to DDT may 
spread very slowly (e.g., in Indonesia), whereas 
resistance to dieldrin may develop very rapidly. 
It has also been found that dieldrin is much more 
toxic to employees of the eradication service. 
Consequently, it is the opinion of this Panel that 
localized resistance to DDT should not be the 
signal for a country-wide shift to dieldrin. Rather, 
the change should be made only in areas where 
DDT resistance is clearly recognized. Elsewhere 
DDT should be continued until resistance has 
been determined by field evaluation. Such field 
evaluation should be a continuous integral part of 
the eradication program. 

This Panel recommends that DDT be the 
insecticide of choice until significant resistance to 
it is demonstrated. Dieldrin should be the first 
‘choice as a substitute for DDT, but should be 
used only in the specific areas where resistance to 
DDT is known to occur. Where resistance to both 
DDT and dieldrin occurs, it will be necessary to 
use malathion, currently the most acceptable of 
the organophosphorus insecticides. The Bayer 
Compound 29493 (Baytex) is also effective 
against mosquitoes, but is more expensive, is 
several times more toxic to man and animals and 
has not been so widely applied, with complete 
safety, as has malathion. 

The impact of resistance on malaria eradication 
programs is due to several factors. DDT is a 
cheap, safe, long-lasting insecticide. Any known 
substitute for it involves one or more objectiona- 
ble features such as increased toxic hazards to 
man and domestic animals, increased cost and 
shorter residual effect. Dieldrin can be used at 
approximately the same cost since lower dosages 
are used and under some conditions is about equal 
to DDT in lasting qualities. But even when used 
at lower dosages it is more toxic to man and has 


produced numerous cases of poisoning among 
spray operators where adequate precautions have 
not been observed. None of the organophosphorus 
compounds currently available for possible use in 
malaria eradication are as long lasting as DDT or 
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dieldrin, and they are more expensive to use, 
owing to the higher prices of the insecticide and 
the increased labor and equipment costs of more 
frequent applications. Based on current prices of 
available substitutes for DDT or dieldrin, it is 
estimated that the over-all cost of house spraying 
will be increased at least fourfold in those areas 
where resistance forces a change to malathion. 
Even with a satisfactory substitute immediately 
available when resistance develops, the logistics 
involved in changing insecticide cause some 
slowing of the eradication program, thereby 
extending the time required for eradication. 

Cost effect. Resistance has already been a factor 
in increasing costs for certain ICA bilateral pro- 
grams. It has been recognized in parts of slightly 
more than half the countries participating in the 
bilateral malaria eradication programs. The 
problem is particularly acute in Central America, 
where resistance to both DDT and dieldrin poses 
an immediate operational problem. It is important 
in other countries and can be expected to become 
more significant in the future. 

Need for research. ICA is actively supporting 
research at the Public Health Service Labora- 
tory at Savannah, Georgia, and WHO has 
recently inaugurated an international collabora- 
tive research program involving seven laborator- 
ies in the United States, Great Britain and Africa, 
to develop other suitable substitute residual 
insecticides, and other eradication techniques. 

While resistance is not now an insurmountable 
obstacle to malaria eradication, the Panel be- 
lieves that every effort should be made to initiate 
effective malaria eradication programs in all 
areas as soon as practicable in order to make the 
most rapid progress while there is still minimal 
resistance to DDT. The Panel further believes 
that it is essential for ICA to continue its support 
of research to develop new insecticides and that 
adequate funds and personnel be provided on 
all bilateral programs for field observations on 
the habits of malaria vectors, and variations in 
their susceptibility to the insecticides used. 


Chemotherapy 


Malaria eradication programs have thus far 
depended almost entirely on the domiciliary 
application of residual insecticides. Where these 
can be used cheaply and where vector mosquitoes 
bite man indoors and rest on sprayed walls within 
houses, the procedure is effective. There are 
malarious areas, however, where the vector has 
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acquired resistance to insecticides, where residual 
spraying is ineffective because people live in 
houses without walls, where the vector bites and 
rests out-of-doors, where the mores of the people 
prevent the effective use of residual sprays and 
where logistic problems make the procedure too 
expensive. Under certain conditions, mass chemo- 
therapy may be the most effective way of stop- 
ping transmission. Moreover, it may be desirable 
to use drugs to eliminate foci of infection during 
the surveillance phase of the program when 
mass therapy may be limited to infected individ- 
uals and small groups of isolated contacts. 

Mass chemotherapy. Mass chemotherapy calls 
for the administration of a drug, or drug combina- 
tion, at regular intervals, over a considerable 
period of time, to every member of the popula- 
tion at risk. This can be done by giving the 
medicine in a pill or tablet or by combining it 
with a universal article of diet, such as salt. The 
first method is traditional; people are accustomed 
to taking medicine in tablet form and are gener- 
ally willing to do so under supervision. The 
other method is relatively new, but as acceptable 
as the salt that hides it. It was first proposed by 
Pinotti in 1952, and under favorable conditions 
has proved highly effective. 

Effect of life-cycle. In moving into the field 
of chemotherapy, eradicationists must take 
cognizance of differences in susceptibility to 
various drugs in each of the four life-cycle forms 
of the three species of malaria parasite, Plas- 
modium vivaz, P. falciparum, and P. malariae. 
The four forms in the life-cycle of the parasite in 
man are: the asexual erythrocytic form, the 
sexual erythrocytic form (gametocyte), the 
sporozoite, and the exoerythrocytic form. The 
form most frequently seen is the asexual erythro- 
cytic form which inhabits the red blood cell. 
During this cycle some plasmodia differentiate 
into sexual forms (gametocytes), male and fe- 
male, which mate in the stomach of the mosquito 
and form oocysts. When mature (about ten days) 
they release sporozoites (or sporonts), which 
reach the insect’s salivary glands and are ready 
to infect a human being when injected with the 
bite. Within a few hours after injection these 
sporonts are filtered out of the blood stream and 
are deposited in the liver, where they develop 
into exoerythrocytic schizonts. 

Upon maturing, these schizonts release mero- 
zoites which are introduced into the blood 
stream to take up abode within red blood cells 
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(erythrocytes), where they become full grown 
in about 48 hours, bursting, releasing daughters, 
each to seek a new erythrocyte—and at the same 
time pouring out the accumulated toxins to 
which the human body normally reacts with a 
severe chill and high fever. Thereafter the cycle 
repeats itself. 

Individuals or small groups receive drugs for 
only a short time when chemotherapy is used 
during the period of surveillance. Whether given 
to large populations, small groups, or individuals, 
the object is the same, namely, to stop trans- 
mission through sporontocidal, suppressive, and 
curative effects on existing infections. Because of 
the selective action of available drugs, it is 
generally impossible to obtain all three of these 
ends with a single compound. 

Sporontocidal effect. The 4-aminoquinolines 
(chloroquine, amodiaquin, et al.) have no effect 
on the infectivity of mature gametocytes. The 
sexual forms of P. vivax and P. malariae are 
removed from the circulating blood along with 
the asexual forms and no new ones develop as 
long as an effective drug blood level is maintained. 
However, mature P. falciparum gametocytes 
may remain in the blood stream and be infective 
to mosquitoes for several weeks. 

Pyrimethamine and proguanil produce a 
decided sporontocidal effect on gametocytes of 
all species within a few hours, and primaquine 
has a similar effect which is almost as rapid. The 
first two drugs may provoke resistance in the 
parasite, a characteristic not shared by prim- 
aquine. But the latter is quickly eliminated and 
therefore its action is of short duration. 

Suppressive effect. Quinine, the only effective 
antimalarial for almost 300 years, has been 
superseded by more effective, less expensive, less 
toxic, and longer acting synthetic compounds. 
Quinine is not recommended except in areas 
where the economy of the country virtually 
demands its use. Quinine stops acute attacks, but 
does not cure the infection, which continues to 
relapse, and so can play no part in eradication. 
Quinacrine, the first of the effective synthetic 
compounds, has been superseded because of 
toxicity and the necessity for frequent administra- 
tion. Proguanil has been highly effective in some 
areas, but the appearance of resistance has 
limited its usefulness. Pyrimethamine, the most 
effective of all antimalarials in terms of dosage, 
has produced outstanding results in many areas 
of the world. This drug was employed once- 
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weekly in Venezuela over a very large area 
embracing over one hundred thousand people. 
Outstanding results were evident after the first 
month; no evidence of transmission was found 
after the third month; and this situation con- 
tinued through the sixth month of administration. 
New cases appeared after the drug was stopped 
which led to the conclusion that although it was 
an excellent suppressive, it did not produce 
radical cure of underlying infections. Being 
tasteless and effective against all stages of the 
parasite, pyrimethamine has no peer as a sup- 
pressive agent so long as resistance, which has 
been reported in Malaya, East Africa and Vene- 
zuela, does not occur. In Venezuela the phenom- 
enon did not appear until after a full year’s 
administration. Since the parasite under sup- 
pression was pure vivaz, this phenomenon might 
have been avoided if the original regimen had not 
been altered. Resistance occurs more often in 
P. falciparum than in P. vivaz. 

4-aminoquinolines. Chloroquine and amodia- 
quin are extremely efficient suppressive agents 
when administered on a weekly basis. They 
reduce parasite rates of all species dramatically, 
and they produce radical cure of falciparum 
infection. These exceptional qualities should 
place this group of compounds in the forefront of 
suppressive antimalarials. However, these drugs 
are extremely bitter and present a difficult prob- 
lem when one tries to administer them to children. 
(A chloroquine resistant strain of P. falciparum 
recently has been confirmed in patients from a 
limited area of South America.) 

8-aminoquinolines. This group of compounds, 
of which primaquine is the most effective and 
least toxic, is highly effective against gameto- 
cytes and is curative of relapsing infections. 
However, an inherent toxicity, especially to 
dark-skinned races, and the necessity for fre- 
quent administration make these compounds 
unsuitable as suppressive agents unless combined 
with another agent (see below). 

Drug combinations. Quinine and pamaquine 
were used in combination as far back as the 
1930’s. Although somewhat effective, the short- 
comings of each soon ruled them out. With the 
advent of more effective agents, the possibility of 
really effective combinations was more likely. 

In the management of clinical malaria, espe- 
cially of relapsing infections, primaquine has 
been given in combination with 4-aminoquino- 
lines since about 1952. The two drugs together 
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produce a_ schizontocidal, gametocyteocidal, 
tissue parasite-curative effect which is highly 
efficient. 

The use of this combination in suppressive 
monthly doses was first tried among school 
children in Malaya in 1955. Following these 
trials, combinations of chloroquine and pyri- 
methamine were used in Liberia with good results. 
Trials in the Cameroons, at half dosage, were 
partially successful, but resistance developed to 
pyrimethamine. Recent trials against vivax 
under experimental conditions in this country 
have shown that chloroquine or amodiaquin 
combined with primaquine and administered 
once weekly gives an effective suppressive- 
sporontocidal-curative effect. Plans are now under 
way for an extensive trial of such a combination. 

Drugs in salt. In 1952, Pinotti suggested com- 
bining chloroquine with ordinary cooking salt 
in an attempt to break transmission in the 
Amazon River Valley where effective residual 
spray operations or individual drug administra- 
tion not attainable. After determining 
that chloroquine was stable under conditions 
ordinarily encountered in the preparation 
of food, trials of the method were initiated 
and carried out successfully. Later, work 
in the U.S.A. by Coatney et al. confirmed 
the stability of chloroquine under conditions of 
storage, shipping, and food preparation, and 
showed the same to be true for pyrimethamine. 
Studies employing inmate volunteers showed 
that either of these drugs, when combined with 
household salt in appropriate amounts, resulted 
in complete suppression of vivax malaria under 
repeated infection by mosquito bite. Programs 
employing the salt-drug method are now under 
way in Brazil, British Guiana, Ghana, and 
Cambodia, and are planned for other areas of 
the world. 

Here again, we must consider the phenomenon 
of resistance. It is not expected to appear against 
chloroquine (although recent observations permit 
the possibility), and whether it will appear 
against pyrimethamine when the drug is taken 
daily remains to be seen. Some investigators 
expect it; others do not because the drug is 
known to be nucleo-active, and under continuous 
administration blood and tissue stages would be 
eliminated. 

Treatment of individuals and small groups. In- 
dividuals suspected or found to be infected 
during surveillance and small groups of isolated 


was 
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contacts should be given one of the efficient 
schizontocidal agents, preferably one of the 4- 
aminoquinolines, and primaquine. Such treatment 
will stop any possibility of transmission immedi- 
ately and cure the underlying infection. 

Disadvantages of chemotherapy. Even with 
efficient supervision of drug administration in 
malaria programs, one major problem has so 
far defied solution, namely, the administration 
of drugs to infants and to young children. This 
segment of the population is highly susceptible 
to infection, and, where transmission occurs in 
the home, often exhibits the highest parasite 
rate. All too often, this portion of the population 
is not adequately treated, and remains as the 
seed bed for continuing transmission. Recent 
studies have shown that nursing mothers who 
received two to three times the normal suppres- 
sive dose of pyrimethamine transferred enough 
of the drug in their milk to reduce and suppress 
parasitemia in the babies. Under ordinary dosage 
it is doubtful whether enough of any drug is 
transferred to the nursing child to suppress 
parasitemia. 

The Panel strongly recommends continued 
research in this field to discover a drug or drug 
combination which will have a long acting effect 


when administered by mouth or by injection. 


Drug Resistance 


Drug resistance has been known since 1887 
when it was first observed in bacteria. A short 
time later it was learned that certain of the 
flagellates could become adapted to normally 
toxic compounds but there was no serious impact 
on the treatment of human diseases until bacteria 
were shown to acquire resistance to the sulfon- 
amides and to penicillin. Drug resistance in 
malaria is even more recent. No antimalarial 
drug in general use during World War II was 
known to provoke appreciable resistance. Shortly 
thereafter, parasite adaptation to proguanil, 
stable enough to pass through the mosquito, 
appeared in P. falciparum and P. vivax and, for 
the first time, drug resistance became a problem 
in the management and control of malaria. 

Selectivity. All malaria drugs are selective in 
their action in the sense that the parasite is not 
affected in all phases of its life cycle. Sporozoites 
resist any adverse action from all known drugs, 
and tissue stages are sensitive to only a few. The 
asexual parasites are sensitive to most of the 


accepted compounds while gametocytes are 


affected by some drugs but not by others. This 
selective natural resistance is an innate character 
of the parasite and is not related to prior exposure 
to a drug. 

Infections resulting from the same species of 
parasite may not respond equally well to identical 
treatment in different parts of the world. This 
dissimilarity of response has been attributed to 
an inherent difference within a particular geo- 
graphical strain. Just what is responsible for 
this difference is not known. It could be that 
geographical isolation has produced a variant 
with auxiliary metabolic pathways not affected 
by the drug. Whatever the true explanation may 
be, the fact remains that such strains exist in 
nature. 

Acquired resistance is always associated with 
previous experience with a particular compound 
and hence is an adaptive change. Drug resistance 
has not become a formidable problem in malaria 
eradication because, in practice, the appearance 
of resistance has been limited to two drugs, pro- 
guanil and pyrimethamine. 

Extent. Widespread resistance to proguanil 
has been observed for all species of the parasite 
since resistance was first recognized in Malaya 
in 1948. Malayan strains of falciparum sensitive 
to single small doses of proguanil in 1947 be- 
came resistant to very large doses only two years 
later. A thousandfold resistance to proguanil has 
been produced experimentally against the Ches- 
son strain of Plasmodium vivax. The phenomenon 
extends to both asexual and sexual parasites, 
and the character is transmitted unaltered 
through the mosquito. The experience is so 
widespread that proguanil cannot be recom- 
mended in eradication programs. 

Resistance to pyrimethamine was first recog- 
nized during trials in Kenya in 1954. It has later 
appeared in Tanganyika, Nigeria, and the North 
Cameroons, and more recently in Venezuela. 
At the same time, it should be pointed out that 
the drug has been used extensively in widely 
separated areas (Liberia, Morocco, Kenya, and 
South Vietnam) with no evidence of resistance. 
Resistance to pyrimethamine has been produced 
experimentally in strains of P. vivax, P. malariae, 
and P. falciparum and transmitted through the 
mosquito without loss of virulence. These results 
leave little doubt that resistance to pyrimeth- 
amine can develop easily under certain conditions 
with certain strains. Pyrimethamine has many 
sterling qualities and can be recommended for 
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selected areas under continuing observation. 
Strains resistant to proguanil or to pyrimethamine 
respond well to chloroquine. (Chloroquine resist- 
ance was first seen in mid-1960 in patients from 
Colombia, 8.A., infected with P. falciparum. 
This phenomenon has been encountered more 
recently in a mild form in Venezuela. Whether 
resistance to chloroquine will appear in other 
parts of the world remains to be seen.) 

Acquired resistance. Acquired resistance to 
quinine, quinacrine, the 4-aminoquinolines and 
the 8-aminoquinolines has never been demon- 
strated in the field. The evidence obtained from 
the study of experimental malaria in animals is 
somewhat equivocal. It appears likely that resist- 
ance to any drug should be accepted as a possi- 
bility but that the odds against the actual 
development of a high degree of resistance vary 
tremendously with the drug, being quite high 
with quinine, quinacrine, the 4-aminoquinolines 
and the 8-aminoquinolines. However, a strain of 
Plasmodium berghei (rodent malaria) obtained 
during a period of 7 months of treatment with 
chloroquine showed a 200-fold increase in resist- 
ance. With this exception the highest increase in 
resistance among these drugs was a 4-fold change 
obtained in Plasmodium knowlesi (monkey 
malaria) treated with pamaquine. The mature 
gametocytes of falciparum are naturally resistant 
to the first three compounds, but this poses no 
real problem because regular drug administration 
will prevent the maturing of new forms and the 
old ones will soon die out. As a consequence, this 
factor is not a deterrent to the use of these com- 
pounds in eradication programs. 

In spite of the limited appearance of drug 
resistance up to the present, the potential for the 
appearance of additional difficulties must not 
be overlooked in the face of the general biological 
principle of adaptation; those responsible for 
drug programs must be cognizant of the general 
principles of the development of resistance and 
alert to indications of its occurrence, spread, 
stability, cross-resistance, and prevention. 


5. ORGANIZATION AND ADMINISTRATION 


There is no technical reason why malaria 
eradication cannot be accomplished in any part 


of the world with the insecticides, drugs, 
equipment and techniques now available. 
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Adaptation of the Standard Eradication Pro- 
gram to Local Conditions 


The standard malaria eradication program— 
one-year preparation, four-year attack and 
three-year surveillance—is not suitable for all 
countries. It must be modified for each particular 
country in accord with the habits of the vector, 
the climate and geography of the country, the 
habits and distribution of the population and 
the logistical problems found. 

These adaptations to local conditions should 
be made, if possible, before a program is initiated, 
after analysis of the results of previous malaria 
control programs and comparison with other 
eradication campaigns operating under similar 
circumstances. 

In some cases it may be necessary, in certain 
large countries, to phase the initiation of eradica- 
tion operations. In such cases operations should 
be as large as possible in the first year and be 
extended throughout the country as rapidly as 
possible. 


Role and Importance of Organization and 
Administration 


Malaria eradication involves the large-scale 
application of a few relatively simple procedures 
which have a scientific basis involving extremely 
intricate biological processes. Success depends 
on the thoroughness with which these procedures 
are carried out. Eradication demands precision; 
it cannot be achieved by slipshod methods, 
inadequate coverage or poorly trained and 
inefficient personnel. 

It is impossible to transform a control program 
to eradication simply by extending an inadequate 
operation to a wider area. Eradication requires 
a new and far more exacting administrative 
approach; the organization, training, operation 
and supervision must all be established with the 
complete coverage demanded by eradication in 
mind, and anything less than this will mean 
failure. 

Unfortunately, many of the areas where 
malaria is now a problem are areas where the 
authorities have had little experience in the 
application of modern scientific methods; they 
therefore lack both the scientific background and 
administrative experience essential to success. 
Although the short-term intensive training 
of individuals to carry out special routine opera- 
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tions can be highly effective, the direction of an 
eradication campaign needs a degree of flexibility 
which cannot be improvised, but comes only 
from training and experience. It is essential 
that certain countries be assisted by international 
technical and administrative personnel to guide 
operations until such time as nationals have 
had the scientific training and administrative 
experience needed to carry on without minimal 
international assistance. 

Governments which entrust the planning and 
direction of eradication projects to international 
organizations or to ICA are entitled to the ser- 
vices of capable and effective personnel; experi- 
ence has shown repeatedly that when an eradica- 
tion program fails, its failure is more likely to be 
due to a lack of preparation or organization, or 
to some fault in the administrative machinery, 
than to technical reasons. 

Eradication must have the full backing and 
enthusiastic co-operation of the national govern- 
ment, in developing an organization capable of 
doing the job with ability to employ the qualified 
key staff needed to carry out the program. Only 
thus can a country succeed in malaria eradica- 
tion, realizing from the outset that partial success 
is failure. There is no shortcut to its accomplish- 
ment. 

As each country now committed to malaria 
eradication is freed of infection, the international 
demand for the elimination of remaining sources 
of reinfection should become too strong for any 
country to resist. 


Participation of International Agencies 


The relationship of each national eradication 
service to the international agencies, PAHO, 
WHO, and UNICEF, and to ICA, must from 
the outset be clearly defined and spelled out as 
to financial responsibility and responsibility for 
technical assistance, approval of plans, selection 
and exact responsibilities of personnel, and as- 
sistance in continuing evaluation of results. 


Planning and Preparation 


Eradication calls for: (1) a carefully worked- 
out plan covering the entire area in which trans- 
mission occurs; (2) an administrative organiza- 
tion, capable of carrying out this plan; (3) suit- 
able legislation and regulations; (4) budget 
planning covering the operation as a whole for 
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a period of years; (5) effective support from all 
branches of government; (6) co-operation with 
all medical and health bodies, official and private; 
and (7) education of the general public. 

Techniques. Within the over-all program, 
detailed plans should be developed covering the 
epidemiological and operational phases. Plans 
should be specific and contain estimates of needed 
equipment and materials, personnel, and trans- 
port for the projected period of operations. 

Mapping. Accurate maps are a key factor in 
the planning of eradication. Large-scale maps are 
essential for the delimitation of malarious areas, 
for showing the exact location of each house to 
be sprayed and for the fixing of individual re- 
sponsibility of field employees within definite 
sectors. Maps are essential at every step of the 
program—over-all phasing, planning and check- 
ing daily operations whether these be epidemio- 
logical or operational. 

Timetable. The general pattern of the standard 
eradication program (preparatory, attack, con- 
solidation and maintenance) which must be 
modified and adapted as the program develops, 
may be outlined as: 

a. Preparatory phase: an initial malaria survey 
and preliminary spraying operations in pilot 
training areas; planning; necessary legislation ob- 
tained; equipment and material stockpiled; per- 
sonnel hired and trained. This preliminary phase 
may require a year or more, depending on previ- 
ous control operations and availability of data 
and personnel. 

b. Attack phase: four years of active spraying 
with results continuously checked by epidemio- 
logical evaluation, to insure complete cessation 
of malaria transmission and the emptying of the 
parasite reservoir in the human host. 

c. Consolidation phase: three years devoted to 
an active search for residual foci of transmission. 
Epidemiological evaluation continues as part of 
surveillance, when the fact of eradication is being 
confirmed. 

d. Maintenance phase: begins when eradication 
has been achieved and continues as a function 
of the health department as long as malaria 
exists elsewhere in the world. The disease remains 
notifiable, and any imported or introduced cases 
must be dealt with adequately by the health de- 
partment. Those planning the program should 
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make provision for the continuing action of the 
health department. 


Organization 


National government and governmental agencies. 
The eradication service must be an _ integral 
part of the governmental structure, with the 
necessary backing from the government to insure 
its success. The eradication service is normally 
planned as a special temporary service established 
to accomplish a definite mission within a limited 
period. 

Provision should be made in the regulations 
for financial and accounting procedures to permit 
the uninterrupted flexibility of action needed for 
front. International 
participation generally requires special regulations 
(for example, delegation of authority as regards 


operations on a shifting 


financial and personnel matters), and special 
privileges as regards taxes, salary scale, budget, 
import duties and administrative matters. The 
eradication service will in some instances tem- 
porarily overlap or replace the work of other 
agencies. This requires acknowledgment by the 
government of the importance of the program 
and the acceptance of responsibility for establish- 
ing working arrangements with the other govern- 
ment Co-operation with 
these agencies is essential and must be assured. 
Rivalry or opposition can seriously jeopardize 
the all-out effort needed for success. 

Organization of national malaria eradication 
service. Malaria eradication programs should be 
directed by a special malaria service, preferably 
primary division of the national health depart- 
ment, with a national malaria council to advise 
on general management and to coordinate malaria 
activities with those of other services. 

The eradication program should be developed 
along two main lines: epidemiological and opera- 
tional. The administrative structure will depend 
upon the size of the population to be served, 


agencies concerned. 


preferably with centralized direction and de- 
centralized execution. The epidemiological service 
should outline the malarious area and establish 
the definite boundaries of the area to be worked. 
From the epidemiological studies 
should be maintained to determine the places 
where transmission still continues, and to indicate 


beginning, 


when spraying can be discontinued in cleared 
areas. 
After a detailed ground study of the number 


of houses in each locality, and the ways and 
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means of transportation, the field services should 
draw up the itineraries of work to be followed by 
the spraying squads and indicate the geographical 
limits of each squad’s responsibility. 

Legislation. For the proper implementation of 
a malaria eradication program, pertinent national 
regulations are generally necessary, the nature of 
which varies with the situation in each country 
and with existing legislation. The regulations 
should cover, with sufficient clarity to avoid any 
argument, the following: 

(1) Definition of the nature of the problem and 
the methods to be employed, including priorities 
for various sections of the program and areas 
involved; 

(2) Provision of an adequate and stable budget 
for the complete program of eradication, with 
provision for an adequate reserve fund to guaran- 
tee regular monthly payment of salaries and 
operating costs; 

(3) Nature of personnel required for treatment, 
laboratory diagnostic work, surveillance and 
administration, their duties, salaries, privileges 
and obligations; 

(4) Obligations of the public as regards col- 
laboration with survey and eradication personnel, 
in connection with entry and spraying of all 
habitations, and medical examination of individ- 
uals; 

(5) Compulsory notification of suspected or 
confirmed cases; malaria should be classified as 
one of the nationally-reportable diseases and 
should be subject to the appropriate rules and 
regulations, which should be enforced by law 
and which may, under special conditions, include 
quarantine measures; 

(6) Special measures for the prevention of re- 
infection, including quarantine regulations govern- 
ing the movement of populations from malarious 
areas to areas free from the disease; 

(7) Remuneration of those responsible for the 
execution and observance of the law, and deter- 
mination of penalties and awards. 

Provisions should be made for legal help in 
interpretation of the malaria regulations and in 
dealing with other agencies and the public. The 
service may have to apply legal sanctions on 
occasion and may in turn be subject to damage 
suits or injunctions. 


Recruitment and Training 


sasic staff needs must be carefully estimated 
in the planning stage; these comprise field workers 
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for spraying operations and for epidemiological 
evaluation (including medical, entomological, 
engineering, educational and administrative 
disciplines) and a special headquarters staff in 
epidemiology, entomology, engineering and 
health education, as well as an effective coordinat- 
ing administrative staff. 

Director. The national director should be a 
person with prestige in his own country and with 
the confidence of the government. He may be 
drawn from almost any discipline, but must have 
leadership qualities as well as administrative 
ability and special knowledge in the field of 
malaria eradication. Qualities of administrative 
ability or knowledge of malaria eradication are 
also essential in his principal assistants. 

Key personnel. In countries of about a million 
population or less, the national organization is 
primarily one of field operations in spraying and 
epidemiological evaluation, assuming that special- 
ist guidance in entomology and other special 
fields can be supplied by co-operating agencies. 
In large countries full time local specialists 
should be employed. Sometimes they are readily 
available, as in India; sometimes they must be 
trained. The staff of highly specialized personnel 
need not be large; all routine work even in special 
fields can be mastered by individuals of all races 
who have no advanced education but who can 
work well under supervision. 

It has been assumed, at times, that the only 
measure of proper spraying is the epidemiological 
one, namely, the decrease and final disappearance 
of malaria. This measure has been applied 
relatively late in the campaign, often after years 
of effort have been lost because of uncorrected 
deficiencies. Spraying itself has standards of 
performance which should be applied by ade- 
quately trained personnel as a measure of success 
before the epidemiological results become 
apparent. The key personnel are at three levels 
of supervision: (1) the headman directly in 
charge of a spraying squad; (2) the supervisor of 
a group of spraying squads, often called a sector 
chief; and (3) the supervisor covering several 
sectors at the zone level. 

A zone of about a million people is large enough 
to carry on operations with considerable adminis- 
trative autonomy, but it must have a capable 
administrative chief. In a large country, super- 
visory personnel above the levels indicated 
cannot have personal knowledge of all local 
operating conditions. If sectors are too large, with 
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insufficient supervision by the zone office, there 
will be inadequate checking of the coverage of 
all houses and of all pertinent parts of each 
house. To insure the interruption of malaria 
transmission it is important that close to 100% 
of houses be adequately sprayed. Sufficient 
personnel should be supplied at the supervisory 
levels to insure this result. If sanitary inspectors 
are available they should be used; if not, the 
most intelligent and active sprayman will have 
to be trained as supervisors. 

Personnel for a population of one million. As 
the number of cycles per year is increased or 
the seasonal period of spraying shortened, the 
personnel needs are increased almost in propor- 
tion. By conservative estimates, the personnel 
required for a total population of one million in 
a continuous 12-month spraying cycle are 100 
spraymen, 20 headmen, 10 sector chiefs, and 5 
zone supervisors; two-cycle (6-month) continuous 
spraying requires 200 spraymen, 40 headmen, 
18 sector chiefs, and 8 zone supervisors; and the 
corresponding requirements for two-cycle spray- 
ing for 2 months only are 600, 120, 30, and 12. 

The selection of qualified individuals for 
headmen and supervisors at the sector and zone 
levels is of the greatest importance. Effort should 
be made to work out a plan to keep them con- 
tinuously employed, with a government career 
open to them as long as they perform efficiently. 

Personnel for evaluation. A large personnel is 
also required for the epidemiological evaluation 
service. Estimates have been made of one evalu- 
ator to 10,000 population, or as many as there 
are spraymen in a continuous one cycle operation. 
These evaluators should be of a category equal to 
that of spraying operation headmen and, if 
possible, recruited from that staff. As high a 
number as this might be expected where a very 
active search for cases was contemplated (such 
as a house-to-house survey repeated every two 
weeks), an expensive procedure. Wherever local 
collaborators do the bulk of the evaluation, under 
careful supervision, supplemented by selective 
area surveys and spot checking, a much lower 
number would be required. 

Entomologists. Special attention should be 
given in each country to the need for an adequate 
number of entomologists and to the training of 
entomological aides. 

Recruitment. Great difficulty may come in 
recruiting personnel for the eradication service 
because of existing merit systems, which may have 
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educational standards that cannot be readily met. 
There should be flexibility in this matter, |uan of 
maximum number of qualified individuals from 
other services should be made, and arrangements 
made for training of new personnel. This training 
need not be unduly time-consuming, because one 
of the great advantages of eradication programs 
is that they are based so largely on routine ac- 
tivity of nonprofessional and relatively untrained 
staff which can be taught to do routine operations 
efficiently under supervision. The success or 
failure of the eradication program will depend 
largely on the efficiency of the spraying opera- 
tions, and it is here that the largest number 
of personnel are needed. 

Training. Training of all but key national 
personne! will have to be provided almost entirely 
within each country. Consideration should be 
given primarily to the training of spraymen, 
headmen, sector and zone supervisors. Spraymen 
can be adequately prepared in a two-week 
intensive training course with a variable period 
of practical experience; headmen will probably 
require an additional week; at higher levels, a 
six-to-eight week course will be needed to make 
them competent to supervise the activities of 
spraymen and headmen. Instruction for this 
latter group should include, for example, more 
about the disease itself, its detection by blood 
smears, the use of the common antimalarial 
drugs, and the maintaining of good public rela- 
tions. Again, it is emphasized that large numbers 
of these individuals are needed early and con- 
tinuously throughout the spraying operation. 
By the establishment of one or more small 
training units, large numbers of this important 
group can be trained and given practical experi- 
ence. 

Since the greater portion of this training is of 
a practical nature, the use of audio-visual aids 
as well as actual spraying equipment is most 
helpful. Basic material can easily be prepared in 
any local language required. 

The recruitment of experienced malariologists 
and other specialists is difficult because of a 
limited supply. 

Malaria eradication training centers established 
in Jamaica, the Philippines, and elsewhere will 
continue orientation to those 
physicians, entomologists, and engineers who 
can be recruited for eradication programs; they 
should be reserved for men who have had little 
previous experience in this work. A 10- to 12- 


to give basic 
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week period seems to be adequate for this basic 
training, and a month of careful observation of a 
successful program elsewhere would seem to be 
sufficient preparation for these men to begin 
working under supervision in actual programs. 

There are officials in many countries, directly or 
indirectly involved in malaria eradication pro- 
grams, who cannot be expected to profit from a 
detailed, intensive course but who would receive 
orientation and stimulus to do a better job by 
visiting successful programs in other countries. 
Part of the value is in seeing programs, part in 
meeting and talking to men who are recognized as 
authorities. There are programs where much can 
be learned. Training visits are best limited to one 
or two countries. The assignment of a qualified 
coordinator of these visits in countries where 
field observations are to be made is especially 
helpful, and provision should be made for inter- 
preters when necessary. 

A basic principle in the training plan should be 
training from the top down—having key people 
train supervisors, who in turn train the field staff. 
Essential to the success of an eradication program 
are the care and thoroughness with which each 
supervisor checks, rechecks and double-checks 
the performance of each subordinate, from the 
program chief all the way down to the sprayman 
in the field. 

Finance 

Lack of adequate provision for financing has 
been a major handicap to many eradication 
projects. Interruption of an eradication campaign 
is critical, since this can jeopardize the entire 
program. Until a project is successfully completed 
it can be set back either partially or completely 
by interruptions; it is unique in this respect. 
Achievement of eradication requires that particu- 
lar care be given to assure that the necessary funds 
be made available uninterruptedly throughout 
the entire program, and that funds be allocated to 
the malaria service without being hampered by 
delays entailed in the routine reviewing of indi- 
vidual expenditures. 


Logistics 


Eradication, in contrast to a control program, 
depends on the effectiveness with which the 
organization can get men and materials to even 
the most isolated areas at the right time. This 
often involves long lines of communication over 
difficult terrain and under poor living conditions. 
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Problems of transport, of supply depots, of men 
living and working away from home, of overtime 
and subsistence allowances, of repair facilities, 
and others become major issues. 

Transport. No general rules can be established 
for transport requirements except that wherever 
possible, reliable local services should be utilized. 
Pack animals, boats and sometimes bicycles 
can be procured locally; jeeps, landrovers and 
trucks may have to be imported. 

Supplies and equipment. A detailed list of 
equipment and supplies, subdivided into needs 
with respect to time and location, is essential. 
This is particularly important in the early stages 
of planning operations if much of the equipment 
and supplies are procured outside the country. 
Procurement must be given ample consideration 
in planning. Wherever possible, local sources of 
supply or manufacture should be used. 

Warehousing, garage, repair facilities. Ade- 
quate warehousing and garage and repair facilities 
must be available, together with a proved system 
of issue, use and repair. Lacking a tested control 
system, advantage may be taken of military 
experience for this purpose. The rules and regula- 
tions which are established should be made 
available in manual form and distributed to all 
personnel concerned. 


Health Education 


Emphasis has been placed elsewhere on the 
importance of adapting malaria eradication 
operations to the biological behavior of the local 
anopheline vector. It is equally important to 
adapt to the mores and behavior of the human 
population and especially important to recognize 
the necessity of teaching all levels of society the 
objectives of the malaria eradication program, 
the reasons for the techniques used and the over- 
all long-time advantages for the entire population. 
Individuals, acting as budgetary or legislative 
authorities, determine the amount of money to 
be spent on malaria eradication; other individuals, 
in the finance and health ministries, decide on 
the timing and orientation of the program. Still 
other individuals must give counsel on the 


technical and administrative details required for 


eradication. However, in the end, success de- 
pends on getting the full-hearted co-operation of 
the householder and especially of the housewife, 
in gaining entry to the home for the spraying of 
insecticide, in taking blood slides for evaluation 
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of progress, and in the reporting of fever cases and 
the administration of drugs. 

Effective education at all levels is essential to 
intelligent decision and continuing collaboration 
until malaria is no more. The widespread dissemi- 
nation of information alone does not guarantee 
conviction and favorable action. The malaria 
eradicationist must be ready to adapt his teaching 
methods to the social, cultural and educational 
background of the population living in the 
malarious areas to be cleared of the disease. 

There is no one right or easy way to get people 
interested in malaria eradication and ready to 
collaborate fully. Many different educational 
approaches are needed. 

Plans should include especially the appropriate 
education (in the meaning and method of malaria 
eradication) of national and local officials, doctors, 
health officers, para-medical personnel, practi- 
tioners of indigenous medicine and midwifery, and 
most certainly, the staff of the malaria eradica- 
tion project at all levels, particularly the spray- 
men. 

The educational part of the malaria eradica- 
tion program should be planned from the begin- 
ning and in as much detail as any other part. 

In many countries with malaria eradication 
programs, the necessity of educating the people 
has not been given sufficient attention. This is 
shown by resistance to insecticidal spraying 
by a significant percentage of the householders. 
Considerable time is lost on repeat visits to homes 
which could not be sprayed on the first visit. 
Resistance to blood sampling and to continued 
drug treatment is reported. Resistance is often 
due to apathy, to lack of information, to misin- 
formation, to disappointment over failure of 
previous spraying to kill all household pests and 
to fear of the poisonous effects of insecticides. 

These problems of human resistance are apt to 
continue and multiply unless educational plans, 
each adaptable to the situation in a given area, 
are developed and carried out. In each country, 
the problem must be identified and the appropri- 
ate educational treatment determined. The 
persons to participate in the educational program 
must be selected and trained in accord with a 
planned procedure with adequate staff and budget. 

The task of learning why people react un- 
favorably to malaria eradication and how to 
induce a favorable reaction is difficult. Placing 
health education specialists on the malaria staff is 
recommended. Although some countries have 
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competent directors and staff of health education, 
these persons are usually over-loaded with other 
work and rarely has any one of them devoted full 
time to malaria eradication. 

Need for health educators. ICA and PAHO/WHO 
health education advisors both recommend that 
health educators be employed in malaria eradica- 
tion programs. They have prepared a bulletin 
entitled “Educational Approaches in Malaria 
Eradication” and distributed it in draft form for 
comment to malaria health educators throughout 
the world. The final draft of the bulletin should 
be ready for publication in the near future. 

At the present stage of health education in 
many countries with malaria eradication problems, 
outside assistance is necessary, but local budgets 
must provide for national health education 
staff and for the production of teaching materials. 
Once the plan for teaching the people has been 
drawn up, this national education staff must in 
turn orient the rest of the staff of the eradication 
service on how to get the necessary ideas across 
to the people, to guarantee their individual and 
collective community support of the program. 

Lack of funds and personnel, political in- 
stability, slow and difficult transportation, lang- 
guage differences within a country, illiteracy—all 
these are barriers which make the educational 


task in malaria eradication difficult and complex. 
However, an understanding and application of a 
few basic principles of how people learn and how 
their support can be gotten will do much to 
strengthen the malaria eradication program. 

The educational problem must be solved if the 
goal of eradication is to be achieved. 


6. COST OF GLOBAL ERADICATION 


The Panel has considered estimates prepared 
by WHO, PAHO and ICA of the total resources 
needed for the completion of the world-wide 
malaria eradication program. These estimates, 
covering whatever period of years may be re- 
quired for final success in a large number of 
diverse countries with varying operating con- 
ditions, subject at times to political changes, 
cannot have the degree of precision expected of 
annual national budget estimates. The estimates 
do, however, serve to focus attention on the gen- 
eral magnitude of the effort that infected coun- 
tries, international organizations and supporting 
governments must make to assure 
(Table 4). 

Unlike the Malaria Report of the International 


success 
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Development Advisory Board (IDAB) made in 
1956, which attempted to outline costs of a 
limited effort during a five-year period (excluding 
all of Africa, the Amazon Valley of South America 
and a number of highly malarious areas in other 
parts of the world), the Panel attempted to project 
the cost of completing world eradication with the 
omission only of Mainland China and a few other 
territories for which data are lacking. 


Cost Estimate 


The cost elements have been grouped into: 
(1) foreign exchange cost, i.e., goods and services 
which the malarious countries as a rule have to 
import from abroad, such as insecticides, spray- 
ing and transport equipment, microscopes and 
advisory services; and (2) local currency cost, 1.e., 
payments for labor, administrative services, 
and incidental goods that the malarious countries 
have available in their own economies. Where 
outside assistance is given it usually refers to the 
whole or to a part of the foreign exchange cost. 

Foreign exchange cost. As regards the estimate 
of foreign exchange costs, the Panel has followed 
the WHO unit-cost method (see WHO Document 
PA/12.6 of 29 January 1960); details of the 
calculations are set forth in Table 5. 

In conformity with its recommendation re- 
garding the required dosage of insecticide (per 
unit of sprayed surface), the Panel has based its 
estimates of the cost of insecticides on the as- 
sumption that its recommended reduced dosage 
will be used in most countries. The present 
estimate, therefore, is based on the arbitrary 
assumption of using 2 g/m? of DDT in the coun- 
tries of the Americas (where this dosage is being 
generally used in well advanced programs) and 
1 g/m? in other regions. Future experience will 
be needed to arrive at a realistic geographical 
pattern of dosage distribution in conformity with 
the scientific, physical, political and administra- 
tive factors that will determine the final decisions 
in this matter. 

Local currency cost. As regards the estimates of 
local currency costs, the Panel has considered 
the cost experience of countries for which records 
are available as well as certain forecasts made 
by various authorities in the field. In general, 
local currency costs expressed in dollars tend to 
be twice as large as foreign exchange costs, with 
the notable exception of India where, owing to 
special circumstances such as the high concen- 
tration of population and home production of a 
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TABLE 4 


Some estimated costs of malaria eradication from 
1960 to end of program 

Popula- | 

tion | 

| (in mil- 

lions) 








Foreign 
exchange 
cost 
| (in mil- 

lions*) 


Local 
currency 
| cost 


World regions 


Far East......| 
Near East and 
South Asia. .| 517.1 

..| 187.9 
Latin America.| 84.8 
Europe. . 19.3 


154.1 | 198.0 5 


4 
5 
oa 
0 





963 .2 


° Expresee ad in U.S. dollar: ars. 


389.6 


certain amount of DDT and some equipment, 
local currency cost tends to be three times as large 
as foreign exchange cost. The factor of three to 
one for India is true only if the entire period of 
eradication is considered. During the tooling-up 
period and during the attack phase, when large 
amounts of DDT are being used, foreign ex- 
change cost is high, whereas local costs pre- 
dominate during surveillance. In cases where no 
information is available, e.g., for African countries, 
the Panel has computed local currency costs by 
multiplying the estimated foreign exchange cost 


483 


by a factor of 2.4, which reflects the effect of a 
reduced dosage of insecticides. 

The cost estimates contain far-reaching implicit 
assumptions pertaining to administrative effi- 
ciency, monetary stability, and the development 
of insecticide resistance. Furthermore, technologi- 
cal innovations would naturally create an entirely 
new cost picture. 

Total cost. The total cost of global eradication 
has been summarized in Table 4; it can be seen 
that the eradication of malaria from the pres- 
ently malarious non-communist countries and 
territories, comprising a total exposed popula- 
tion of about 960 million people, will require 
foreign exchange expenditures of approximately 
$390 million and local currency expenditures of 
approximately $950 million, or a total expendi- 
ture in excess of $1.3 billion during the period 
beginning with calendar year 1960. Included in 
these figures are the costs of completing the 
programs already under way as well as the full 
cost of programs still to be initiated. 

The above estimates represent minimum cost, 
and are expressed in terms of dollars of present 
purchasing power, following basic procedures 
currently used in the conduct of eradication 
programs. They do not allow for the great 
number of technical and administrative con- 
tingencies which prudence requires to be taken 
into account. Not less than 50% in the case of 
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total cost, and not less than 25% in the case of 
foreign exchange cost, should be permitted as an 
adequate safety factor in such long-term esti- 
mates. Annual revisions of such estimates on the 
basis of additional experience are essential. 


Assumptions Made in Cost Estimate 


Technical assumptions. (1) DDT water-dispersi- 
ble powder will be sprayed at the rate of 1 gram 
technical DDT per square meter of house interior 
once yearly during four years of attack or 2 g/m? 
yearly where two sprayings are adopted; focal 
spraying during the consolidation years will 
consume the equivalent of one additional year of 
attack; in countries not yet in an eradication 
program, where transmission is perennial, two 
sprayings will be made; the cost of 0.5 grams of 
dieldrin will be equivalent to 2 g of DDT; 

(2) 500 sprayers per million persons will be 
provided initially with allowance for nozzle tips 
and replacement parts; (this amounts to 1 sprayer 
per 2,500 population, with 400 in use and 100 
in reserve) ; 

(3) 30 vehicles per million persons will be 
supplied for the beginning of the preparatory 
year; replacement of 25% of the initial fleet of 
vehicles in the fourth year of attack and the 2 
succeeding years will be provided or substitution 
made of other type of vehicle suitable for the 
consolidation phase depending upon local needs; 
in each year after the first, 10% of the purchase 
price will be required for replacement parts for 
each vehicle; 

(4) Drugs will be provided on an increasing 
scale from the first through the fourth year of 
attack to facilitate the collection of blood slides 
from fever cases for diagnostic purposes (second 
year consumption increase, 50%; third year, 
100%; fourth and subsequent years, 150% over 
that of the first year); drug consumption will 
continue at the fourth year rate through the 3- 
year consolidation phase; 

(5) For the last year of attack and the con- 
solidation years, 1% of the population will be 
examined monthly by surveillance personnel and 
given single-dose treatments (adult dose, 600 
mg chloroquine plus 50 mg pyrimethamine); 
0.03% of the population under surveillance will, 
on the average, be found infected and will re- 
ceive a 14-day treatment (adult treatment 1,500 
mg chloroquine plus 210 mg primaquine) ; 

(6) Ten compound oil-immersion microscopes 
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will be provided initially for each one million 
population; 

(7) Advisory services and headquarters 
backstopping will cost 1 cent per capita during 
the preparatory year and the 4 attack years; 
for the first 2 years of surveillance the cost will 
be .2 of a cent per capita. 

Price assumptions. The cost estimate (in U.S. 
dollars) was based on the following average prices, 
which include freight and insurance: DDT 75% 
water-dispersible powder, $560 per metric ton; 
sprayers, $30 each; vehicles, $2,500 each; chloro- 
quine tablets, 150 mg base, $6.75 per 1,000; 
pyrimethamine tablets, 25 mg base, $4.70 per 
1,000; primaquine tablets, 15 mg base, $4.40 per 
1,000; binocular microscope and lamp, $300 each. 

Unit costs. The estimated unit cost of treatment 
(based on the above assumptions) is summarized 
in Table 5. 


Sharing the Cost of Eradication 


Since the operational initiation of the world- 
wide malaria eradication program in 1958, the 
cost of the program has been met in the main by 
the governments of the malarious countries, by 
the U.S. Government, and by WHO, UNICEF 
and PAHO (Table 6). The United States con- 
tributions to national malaria programs and to 
the special malaria funds of the Pan American 
Health and World Health Organizations repre- 
sented 71% of the foreign exchange cost and 
31% of the total cost of the world campaign; it 
cannot be expected that this one-sided pattern 
will continue at its present ratio. It is important 
that the common objective of world-wide malaria 
eradication, established by the World Health 
Assembly in 1955, be given financial support by 
the member nations in accord with their economic 
resources, in conformity with the high priority of 
the objective and the dimension of its cost. 


7. EVALUATION AND MEASUREMENT 
OF DISAPPEARING MALARIA 


Before DDT and Eradication 


Before acceptance of the concept of eradica- 
tion, the prevention of malaria was only partial; 
its reduction was usually gradual. In the earlier 
control programs some continuing transmission 
was expected. Malariologists measured the re- 
duction of malaria from year to year, by indices of 
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infant infections, of blood parasitism in children 
and of juvenile splenic enlargement. 

The index of infant infections gives a measure 
of continuing transmission in the homes where 
births have occurred during the previous 12 
months, but no indication of the situation in 
other homes. The index of blood parasitism in 
children is a measure of the upward or downward 
trend of infection in the homes from which they 
come; the index of splenic enlargement in children 
is a gauge of a chronic reaction to malaria infec- 
tion from year to year; neither is sufficiently 
sensitive to indicate rapidly the interruption or 
continuation of transmission. 

During Eradication 

The malariometric methods of a control pro- 
gram are quite inadequate for eradication, 
particularly as extinction is approached. An 
eradication program requires precise knowledge 
of the persistence of malaria transmission before 
eradication is complete, and any reappearance 
thereafter. Surveillance requires techniques and 
practices that enable the eradicationist to gauge 
the amount of diminishing infection remaining 
after apparent disappearance of the disease and 
to identify foci of continuing transmission. 

Surveillance, an essential element of an 
eradication program, is defined by the World 
Health Organization’s Expert Committee on 
Malaria as: 

“that part of a malaria eradication project 
designed to discover evidence of any continuation 
of transmission, to establish its nature and 
causes, to eliminate residual foci, to prevent or 
cure such residual or imported malaria infections 
in man as would delay the ending of transmission 
or threaten its resumption in a given area and, 
finally, to substantiate the fact that eradication 
has been achieved.” (7th Report, 1959, page 7.) 

Techniques of evaluation. Epidemiological 
evaluation carried out during the period of 
residual spraying gives a clear indication of those 
population groups which are still exposed to 
infection. 

Foci of malaria may be identified from (1) 
infant parasite rates; (2) parasite rates in chil- 
dren; (3) blood parasite surveys of all ages, either 
by sampling or mass surveys; and (4) searches for 
malaria infections through the systematic exami- 
nation of blood smears of febrile cases. Blood 
smears may be collected by local health service 
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personnel or special representatives making 
rapid, periodic visits. Generally it will be found 
practical to plan surveillance to reveal with 
minimum effort the places where transmission 
continues. This can be accomplished by utilizing 
the surveillance techniques known as active and 
passive case detection. 

Active case detection utilizes traveling repre- 
sentatives of the eradication service. They 
periodically visit all homes in their districts, 
searching for febriles and for persons with 
histories of fever since the last visit. Blood smears 
are taken for diagnosis. 

Passive case detection depends on the co- 
operation of persons living in the malarious 
villages and who are not part of the malaria 
eradication service. It has been termed passive 
since no active search for febriles is made; the 
system depends on ill persons visiting the fever 
reporting post where blood smears are made for 
diagnosis and antimalarial drugs are provided. A 
network of fever reporting posts may be estab- 
lished utilizing the services of local physicians, 
health centers, and hospitals or lay collaborators 
appropriately trained for the task. 

In some countries effective case finding is being 
achieved by the use of the lay collaborators. 
Careful selection of these individuals is essential 
to the success of the system. Local individuals 
should be chosen who are in close contact with the 
people whose confidence they possess. The col- 
laborators are trained to make blood smears, to 
dispense antimalarial drugs and, in some in- 
stances, to act as epidemiological aides. Each 
collaborator provides antimalarial drugs to each 
fever patient to stimulate the reporting of fever 
cases and to render malaria cases non-infective. 

Passive case detection will not be effective un- 
less the malaria service actively recruits, stimu- 
lates, visits and checks the work of local resident 
representatives. One great advantage of the local 
medical and lay collaborators who serve in 
passive surveillance is their close, permanent 
contact with the local population. 

Measurement of disappearing malaria. The 
Panel was concerned by the high cost of active 
surveillance, but recognized that if new infections 
are to be discovered, diagnosed and medicated 
before becoming infective for the mosquito vec- 
tors this activity is essential. As the incidence of 
malaria decreases, it is probable that the less 
costly passive surveillance may become relatively 
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TABLE 6 


Source of funds for malaria eradication 1958- 
1959-1960 (in terms of thousands of U. S. dollars) 


1958 | 1959 60 
actual) |(actual)| fest; 
mated) | 


Agency 


4,940 


4,563 6,841) 16,344 
U. N. technical as- | 

sistance | 787 
PAHO 1,886) 2,900) 3,450 
UNICEF 8,700) 8,300) 10,000 
U. 8. bilateral* 20 , 24020 ,205, 27,000 
Countries with ma- 

laria 


762 664; 2,213 
8 , 236 
27 ,000 


67 ,445 


54 600 50,800 


54,600) 160,000 


Total 90 , 776,87 ,907 102 ,555;281 , 238 





Foreign exchange 
component of to- 


tal expenditure. . .|36,17637,107) 47 ,955)121 ,238 








* In addition to its bilateral aid in malaria erad- 
ication, during the calendar years 1957 through 
1959, the United States contributed 7.5 million 
dollars to the PAHO and 11.0 million to the WHO 
Special Malaria Eradication accounts. 


less productive since the number of slides from 
fever cases will be out of reasonable proportion to 
the number of infections found. 

Although the infant parasite rate and the 
parasite rate in children are useful indices in 
epidemiological evaluation in static populations 
in the early phases of eradication, they are quite 
inadequate for evaluation among such mobile 
fringe populations as lumbermen, fishermen, 
charcoal burners, and chicle gatherers, and among 
seasonally isolated farm workers, who become 
extremely important in the consolidation period. 
In the latter phase, all infections are equally 
dangerous and significant. It seems probable, 
therefore, that more reliance will be placed on 
systematic blood parasite studies. These will 
reveal foci of transmission if based on repeated 
sampling of special groups shown by previous 
investigation to be the most exposed. 

The great difficulty in the final stages of disap- 
pearing malaria is to reveal any malaria trans- 
mission. At this point, parasite carriers, with or 
without symptoms, must be found. Each in- 
dividual found positive by blood examination 
should be subjected to epidemiological inquiry to 
determine the place and time of infection to aid 
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in classifying it as a new case, a relapse, a trans- 
fusion infection or an introduced case. 

The inquiry should be made by a qualified 
epidemiologist or by an aide who can make blood 
smears and obtain information concerning the 
probable time and place of infection. The para- 
site-positive individual is queried and the in- 
formation obtained is recorded on standard forms 
and becomes a part of the permanent, cumulative 
epidemiological file of the area. The field investi- 
gation should be extended to include members 
of the family and neighbors. A blood smear is 
taken and reports completed for persons with 
histories of febrile attack. 

On the basis of this history the epidemiologist 
classifies each case. The location of the place 
where transmission was presumed to have oc- 
curred is spotted on the map by appropriate 
time interval, to relate, if possible, to other cases 
in time and space. 

The Panel suggests that additional study is 
needed to determine the best means of identifying 
cases under various epidemiological conditions. 
Flexibility in modifying surveillance in accord 
with available epidemiological information is 
essential to avoid unnecessary expenditures in 
areas where malaria transmission has ceased. 

Management of disappearing malaria. In some 
programs attempts are being made to identify 
individual infections as soon as they occur and to 
give suppressive treatment before the individual 
becomes infective for mosquitoes. Active case 
finding is being carried out with surveillance 
agents visiting villages every 2, 3 or 4 weeks. 

In areas where transmission has ceased, the 
finding of each imported infection is necessary to 
prevent transmission. In areas where active 
transmission exists, it is obvious that it cannot 
be blocked readily by identifying and treating 
individual cases. The finding of one or more 
locally acquired cases, therefore, may require the 
blanketing of the locality rather than the treat- 
ment of cases. It may necessitate spraying the 
entire area of the suspected focus of transmission 
or mass treatment of the population involved. In 
choosing the method to be used, it must be re- 
membered that in spraying the unit of control is 
the house, in therapy it is the individual, always 
more difficult to find and to treat. 


Train‘ng of Evaluators 
Since surveillance is as indispensable in malaria 
eradication as are administration and operations, 
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provision should be made for the recruitment and 
training of epidemiological evaluation personnel 
in the early phases of the eradication program. It 
must be borne in mind also that health education 
of the public is just as essential to the success of 
surveillance as it is to spraying operations. 
The director of the surveillance team should be a 
well-trained epidemiologist, the optimum being a 
medical graduate with public health education 
and experience in administration and epidemi- 
ology; he should be sufficiently familiar with the 
tasks of all his subordinates to be able adequately 
to supervise their training and their work. 

The first echelon of these will consist of epi- 
demiological assistants, prepared to take charge of 
surveillance operations in individual sectors of the 
eradication area. It is desirable but not essential 
that the assistant epidemiologists be medical 
graduates; they should have a public health back- 
ground, administrative ability and a sound 
appreciation of effective public and professional 
relations, as they will be dealing with local 
physicians and residents. 

Next in order are the epidemiological aides, 
trainable lay collaborators who can read and 
write. Their supervisors will help them make 
friendly contact with the residents of their areas, 
to whom they should explain enough of the 
eradication mission and operations to secure local 
co-operation. These aides should be honest, 
careful, and intelligent. They must be shown how 
to make thick and thin blood films, how to use 
clinical thermometers, how to perceive circum- 
stances which may relate to the success of malaria 
eradication from the standpoint of popular co- 
operation, how to interrogate skilfully to gather 
the information desired, and how to keep accurate 
records. They may also be used under certain 
circumstances for the distribution of antimalarial 
medication. Their number will vary with the size 
of the operational area, the distribution and ac- 
cessibility of its population, and facilities for 
transportation and communication. But under no 
circumstances should a lay collaborator be 
assigned a sub-sector too extensive, populous or 
difficult of access for reliable surveillance by one 
individual. Too heavy an assignment is poor 
economy, since the future maintenance of 
malaria eradication must be based on the informa- 
tion he supplies. 

There must be effective administrative pro- 
cedures for translating the epidemiological 
findings of surveillance into prompt remedial 
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action if required. Expeditious reporting, quick 
analysis and immediate action are all imperative 
if surveillance is to carry out its key functions in a 
malaria eradication program. 


Certification of Eradication 


If surveillance is effectively practiced and 
maintained, geographically and temporally re- 
lated cases of malaria will be found as long as 
transmission continues. When transmission is 
stopped owing to vector control, seasonal changes 
or other causes, the number of cases will diminish 
rapidly, z.e., malaria will tend to disappear, and 
the residual cases will consist of sporadic and un- 
related instances of introduced or relapsing in- 
fections. When surveillance over a period of 
three years—during at least the last two of 
which no vector control or mass medication 
programs are carried on—fails to reveal primary, 
indigenous cases in a particular region, malaria 
eradication may be claimed, in accordance with 
the criteria of the World Health Organization. 


8. MALARIA ERADICATION AND 
POLITICAL PROBLEMS 


There are political as well as administrative 
and technical obstacles to malaria eradication. 
They may be caused by political action—or in- 
action—or may arise from difficulties based on 
unfriendly relations between governments. Such 
obstacles, not susceptible to administrative cor- 
rection, may have to be solved through diplo- 
matic channels where bilateral aid is involved, 
or through international parley. 

Oftentimes the answer lies in health education 
of a high order, directed particularly at top 
national and provincial levels. The solution is 
facilitated when officials at those levels realize 
the political assets that can accrue from being 
identified in their own country with the achieve- 
ment of malaria eradication. 

Problems of this nature are neither isolated 
nor unique and may occur during any phase of 
the eradication program. Failure to solve them 
in one country may not only interfere with the 
progress of the campaign in that country, but 
may increase costs and delay the attainment of 
eradication in adjacent countries. These prob- 
lems must be faced as soon as they are detected, 
and remedial action sought. 

Problems of a political nature that affect spe- 
cific eradication programs, fall into the following 
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categories: (1) recalcitrance of local inhabitants 
opposed generally to government activity; (2) 
relegation of malaria eradication to low priority 
in competition for available financial and per- 
sonnel resources; (3) political appointees unquali- 
fied or uninterested in malaria eradication; (4) 
conflict of national interests of contiguous ma- 
larious countries, making coordination of eradica- 
tion programs difficult; (5) civil insurrection or 
rebellion; and (6) non-participation of the 
governments of certain malarious countries in 
international organizations sponsoring malaria 
eradication. 


Recalcitrance of Local Inhabitants 


There are countries in which the reluctance of 
spraying teams to enter malarious areas in- 
habited by unfriendly tribesmen has prevented 
complete national coverage. In some countries 
there exist undeveloped areas, remote and diffi- 
cult of access, inhabited by primitive peoples 
who have had little contact with civilization and 
prefer even less. 

These problems offer a challenge both to 
logistics and to the health educator. Transport 
problems have sometimes been met even by air- 
drop. The challenge of unfriendly, 7.e., ignorant, 
populations has at times been met by dedicated 
individuals and government personnel who have 
contrived to make the hostile population aware 
of the benefits of eradication. Several graphic 
examples could be cited to show that primitive 
people can be made completely responsive to 
public health programs, that they are just as 
desirous as are more advanced populations to be 
rid of disease, once they are made aware that 
disease is not inevitable, that it can be prevented. 


Relegation of Malaria Eradication to Low Priority 


The priority given to malaria eradication is 
based, all too often, on a political decision with 
adverse economic and health consequences. It is 
understandably difficult to maintain a high 
priority for eradication in a country where ma- 
laria is not a primary or major public health 
problem. In other circumstances, low priority 
may be given because the problem is believed 
to be insoluble and any resources devoted to it 
wasted. 

The matter of priorities may also be involved 
where governments—or regimes—change, or 
where one political party is succeeded by an- 
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other. It does not necessarily follow, however, 
that changes in governments will change a high 
priority already given to a malaria eradication 
service, particularly if the program enjoys en- 
thusiastic popular support. 

In several instances the decision to give ma- 
laria eradication a low priority has been reversed 
as a result of friendly representations and offers 
of co-operation from neighboring countries moti- 
vated by enlightened self-interest. 

Here again health education—at the highest 
national level—may be the solution. If those in 
power come to realize that malaria eradication 
can be an important source of popularity and 
support by populations living in malarious areas, 
the program is most likely to be given its de- 
sired priority. 


Unqualified or Disinterested A ppointees 


The staffing of a malaria eradication service is 
an administrative task. But staffing problems 
arise from time to time that may be solved only 
at the highest national political level—and some- 
times at the international level through the 
friendly offices of an international organization 
of which the country is a member. 

As has been pointed out earlier, the best solu- 
tion is the selection of a first-class administrator 
to head the program, giving him the complete 
authority to hire and fire employees. Here it is 
well to bear in mind that in many areas of the 
world political appointments or those made for 
reasons of consanguinity are so much the ac- 
cepted way of life that appeals for top-level in- 
tervention should be made only as a last resort. 
Such appeals should be made when it is consid- 
ered that the whole eradication program is 
jeopardized by ill-advised political or nepotistic 
appointments, and that the incumbent is not 
amenable to adequate training or the instilling 
of enthusiasm for eradication. 


Conflict of Interests of Contiguous Countries 


Ideally, national borders should not unduly 
influence or limit malaria eradication. Physical, 
epidemiological, topographic and demographic 
considerations should determine the area and 
timing of eradication measures. However, ad- 
joining countries may give different priorities to 
eradication within their boundaries, and border 
areas across which transmission may occur be- 
come important. There are cases in which a well- 
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conducted program in one country is threatened 
by a neighboring country that is negligent in the 
operation of its program. Situations such as this 
are sometimes remedied through diplomatic 
channels, through the aid of an international 
organization or by informal discussions between 
the malariologists and other public health 
officers of the two countries. 

A practical solution may be the creation of an 
antimalaria coordination board, consisting of a 
representative of the health services of each of 
the countries involved, which meets with repre- 
sentatives of the multilateral and bilateral 
agencies. This procedure has met with considera- 
ble success in furtherance of useful co-operation 
in the malaria eradication programs of six coun- 
tries in Southeast Asia and of the seven countries 
of Middle America. These Boards meet periodi- 
cally to discuss border problems and to plan co- 
ordinated solution of common problems. In some 
countries informal arrangements exist permitting 
control teams to cross adjoining borders without 
interference. 


Civil Insurrection or Rebellion 


Several countries, because of civil insurrection» 
may not be able to initiate eradication programs: 
or have had to interrupt programs already 
started. In some countries there may remain 
areas hostile to the national government; in 
others, spray and surveillance teams fear to 
enter certain regions still occupied or subject 
to incursions. These situations have in the past 
substantially curtailed, when they have not en- 
tirely interrupted, eradication activities. 

Even in the face of such situations, eradication 
programs have not always had to be curtailed or 
suspended. There are instances where agree- 
ments between hostile elements in countries dis- 
turbed by civil unrest have permitted continua- 
tion of health programs, including malaria 
eradication, to the benefit of all. It is a matter 
of good fortune when such expedient arrange- 
ments are possible. 

Otherwise the program will simply have to 
wait until sufficient order and authority are re- 
stored to resume operations. Unfortunately, a 
serious interruption in the eradication program 
may necessitate the repetition of much, or all, 
of the work already done. Every attempt should 
be made to avoid any interruptions. 
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Non-participation of Governments in International 
Organizations Sponsoring 
Malaria Eradication 


There are some malarious countries which 
currently lack political relations with neighbor- 
ing countries engaged in malaria eradication, or 
which have no affiliation with the international 
organizations sponsoring malaria eradication. 
Since they may represent a continuing threat of 
reinfection to countries that are in process of 
ridding themselves of malaria, a certain degree 
of public health co-operation may become highly 
desirable. Under special circumstances some 
synchronization of eradication activities in such 
contiguous countries is necessary to accomplish 
the common objective of eradication. Concomi- 
tant eradication activities or even the exchange 
of epidemiological data might be furthered 
through the intervention of third parties, i.e., 
governments maintaining official relations with 
both. 


9. INTERNATIONAL RESPONSIBILITY IN 
MALARIA ERADICATION 


The responsibility of the participants in ma- 
laria eradication is quite different from that in 
most disease prevention programs; the difference 


is contingent upon the difference between the 
objectives of disease control and disease eradica- 
tion. Disease control may be local or national, 
temporary or permanent; disease eradication 
must be international in orientation, and univer- 
sal in application. 

Successful malaria control campaigns produce 
temporary reductions of malaria to such low 
levels that, during the period of control, malaria 
is not “an important public health problem.” 
These campaigns are generally limited to the 
more heavily populated and easily accessible 
malarious areas where immediate results can 
be had for modest expenditures of money and 
administrative energy. The success or failure of 
malaria control is a matter of local concern affect- 
ing only inhabitants of the control area. The 
threat of the introduction of malaria from uncon- 
trolled areas is not important since the “con- 
trolled” area itself continues to maintain the 
infection. 

The annual cost of the eradication program is 
considerably higher than the annual cost of 
control. But a control program continues indefi- 
nitely whereas, once eradication is achieved 
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within a relatively few years, the whole financial 
burden disappears; and the funds used become 
an investment in social and economic advance. 

Although eradication programs are national, 
each country has a stake in the success of the 
program in every other country. Success must 
be global; no malarious community can be 
omitted. Thus eradication requires continuous 
nternational co-operation. 


Responsibility of PAHO, WHO, and UNICEF 


The governments of the Americas by actions 
of the XIII and XIV Pan American Sanitary 
Conferences in 1950 and 1954 first recommended 
and then instructed the Pan American Sanitary 
Bureau to develop the activities necessary for 
the greatest intensification and coordination of 
work, stimulating 
grams, facilitating interchange of information 
and furnishing technical and, whenever possible, 
economic assistance to the various countries to 
malaria from the 
Western Hemisphere. The Bureau was also in- 
structed to study international measures to in- 
sure the protection of those countries which 
had achieved eradication. For this purpose the 
Bureau was authorized to seek extra-budgetary 
financial contributions. 

The governments of the world by resolution 
of the VIII World Health Assembly (1955) de- 
cided that the World Health Organization should 
take the initiative, provide technical advice, and 
increase research and coordination of resources 
in the implementation of a program with the ob- 
jectives of world-wide eradication of malaria. 
The Assembly specifically authorized the Di- 
rector General to obtain financial contributions 
for (1) research; (2) supplies and equipment... 
necessary for the effective implementation of 
the program in individual countries; and (3) 
services required in individual countries which 
cannot be made available by the governments 
of such countries. 


antimalarial existing pro- 


achieve the eradication of 


In addition to providing technical assistance, 
training and research, ICA has made available 
a considerable part of the funds needed for im- 
ported supplies and equipment for its bilateral 
projects; UNICEF has done the same for ma- 
laria projects in many other countries. This has 
permitted PAHO and WHO to avoid very 
largely the direct financing of national projects 
and has let them devote their energies mostly to: 
(1) technical aid in planning and operation of 
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the eradication service; (2) the training of per- 
sonnel; (3) the coordination of national eradica- 
tion services in a united regional and global 
eradication program; (4) the setting of standards 
for the organization of eradication services to- 
gether with the description of operating procedures; 
(5) establishing specifications for insecticides, 
therapeutic and general recom- 
mendations for cycles and dosages for applica- 


substances, 


tion of insecticides and drugs; (6) the evaluation 
of the progress of national services by inter- 
national experts; (7) the certification of “‘eradi- 
cated” zones; (8) research on special problems; 


and (9) the payment on temporary emergency 
basis of needed foreign imports and, in extreme 
cases, national payrolls. 

The task of aiding individual countries in the 
development of malaria eradication programs is 
so great that each of the agencies concerned, the 
Pan American and World Health Organizations, 
UNICEF and ICA, has welcomed the participa- 
tion of all the others in a huge co-operative 
effort. 

So long as control and not eradication was the 
objective, the international health agencies could, 
like ICA, limit their responsibility to aiding in 
the purchase of supplies, insecticides, equip- 
ment and motor vehicles, and technical assist- 
ance where required. 

Once the concept of malaria eradication was 
accepted, PAHO, WHO, UNICEF and ICA all 
became vitally interested in the careful planning, 
meticulous administration, complete coverage, 
continuing evaluation and coordination of ma- 
laria prevention in contiguous areas across in- 
ternational frontiers required for the success of 
each national eradication program. 

The World Health Organization has a special 
relationship to world malaria eradication as it is 
through this organization that member states 
co-operate in the program by adapting their 
malaria programs to the general plan of eradica- 
tion and by synchronizing their border activities 
with those of neighboring countries. WHO is 
responsible for over-all technical orientation in 
accord with the recommendations of its expert 
committees, including preparation of specifica- 
tions for insecticides and pumps and the general 
recommendation of dosage and periodicity of 
application of insecticides. 

PAHO and WHO can undertake the interna- 
tional evaluation of national eradication pro- 
grams of member states without any invasion of 
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sovereignty and may undertake the official certi- 
fication of “eradicated” areas in accord with 
standards already established. These agencies 
should constitute the clearing house for all re- 
ports of progress and of difficulties encountered; 
logically they are the centers for stimulating and 
even contracting for the research needed to solve 
field problems. 


Responsibility of ICA 


The ICA was created to further the long-term 
foreign policy of the United States by strengthen- 
ing the economic position of the underdeveloped 
countries of the world. Public health projects for 
the control of disease at a tolerable level, where 
it does not materially influence the economy, 
have been developed as a necessary part of 
USOM bilateral programs in various individual 
countries. Malaria control projects originally 
organized under these programs have now en- 
tered an entirely different category. When the 
nations of the world decided that malaria should 
be eradicated from the entire world, malaria 
control was no longer a matter of interest solely 
because of its effect on the economic life of an 
individual country. Country projects ceased to 
be purely for local benefit and became units in a 
global campaign, of prime interest, even neces- 
sity, to all other malarious nations. When co- 
operation in world malaria eradication became 
United States policy in 1957, and ICA joined 
with co-operating nations in converting from 
control to eradication, the projects automatically 
became integral parts of global eradication. The 
antimalaria responsibility of ICA increased, as 
did that of each malarious country, from local 
efforts to reduce mortality, morbidity and eco- 
nomic losses due to malaria, to participation in a 
supreme effort to abolish malaria and to remove 
all future threat to the spread of infection from 
any country to any other country in the world. 

The ICA responsibilities in malaria eradication 
are those assigned by the United States Govern- 
ment in the development and execution of its 
policy, plus those shared with individual govern- 
ments on the basis of bilateral agreements. These 
responsibilities generally include joint planning, 
technical and administrative advice and guid- 
ance, training of national staff, and financial 
assistance. Unavoidably, these responsibilities en- 
tail maintaining an adequate professional ma- 
aria competence on the staff of each USOM in 
malarious countries. 
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Co-operation with international health agencies. 
ICA participation in national malaria control 
programs, amounting to some $13 million in 
1957, represented aid to governments in alleviat- 
ing the effects of malaria, at a continuing cost 
which would eventually have to be taken over by 
local governments. By contrast, the projected 
ICA expenditure of $38 million for 1961 malaria 
eradication represents the United States partici- 
pation with certain governments in a capital 
investment of permanent value to all malarious 
countries. But the success of this investment de- 
pends on the development of well administered, 
technically sound eradication services in many 
of the less well developed and politically imma- 
ture countries of the world. Fortunately, ICA 
does not have to face this burden alone; it is 
shared with the international health agencies. 
These agencies are able to operate on a wider 
international front than is ICA itself. By sup- 
porting the special malaria eradication funds of 
PAHO and WHO, ICA is able to avoid many 
international coordination problems and to de- 
vote itself essentially to bilateral malaria eradica- 
tion projects. But even in these projects, the ICA 
responsibility varies with the amount of techni- 
cal support which can be given by the inter- 
national health agencies. It is essential, then, 
that ICA be thoroughly and continuously famil- 
iar with PAHO, WHO, and UNICEF malaria 
eradication activities. 


10. TROPICAL AFRICA 


In any discussion of malaria eradication, the 
vast area of tropical Africa, where man has lived 
for uncounted centuries with the tradition of 
malaria, merits special consideration. The inten- 
sity and continuity of transmission required to 
transform falciparum malaria into one of the 
most deadly scourges of mankind is guaranteed 
by Anopheles gambiae. This is undoubtedly ma- 
laria’s most efficient vector, ably abetted by the 
almost equally dangerous Anopheles funestus. It 
is no exaggeration to state that tropical Africa, 
south of the Sahara, is largely populated by the 
remnat.ts of a race which pays in each generation 
a heavy price, in illness and death, during in- 
fancy and childhood, for the apparent partial 
tolerance enjoyed by the adult population. That 
the African is not naturally immune to malignant 
malaria is amply documented by the outbreak in 
certain valleys in Ethiopia in 1958, when a pro- 
longed rainy season permitted Anopheles gambiae 
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to breed to high densities over an unaccustomed 
range, resulting in some 150,000 African deaths. 

There are many factors in addition to the 
transitional political situation which make eradi- 
cation in Africa appear more difficult than in 
other parts of the world. Nomadism and labor 
migration, wide dispersal of farm plots in forest 
areas, prolonged seasonal, and even perennial, 
transmission, lack of roads and other means of 
transport and communication, all complicate 
any effort to eradicate malaria. To these diffi- 
culties must be added the poverty of the popula- 
tion, its high rate of illiteracy and the paucity 
of professionally trained persons and experienced 
administrators; last, but not least, is the psycho- 
logical handicap of a tradition of failure in anti- 
malaria work in Africa. 

Many preventive efforts have been abortive, 
small scale pilot projects doomed to failure by 
the inexorable pressure of infection from the 
unprotected periphery. 

Fortunately the difficulties in Africa are offset 
by certain advantages: (1) the very domesticity 
of Anopheles gambiae and A. funestus, which en- 
hances their vectorial efficiency, favors malaria 
eradication by bringing these mosquitoes into 
intimate contact with residual insecticide on 
the walls of human habitations; (2) although 
resistance to dieldrin has been recorded for 
Anopheles gambiae in certain areas, none has been 
reported for DDT; (3) the tradition of failure is 
being broken, as in the Cameroons and in Li- 
beria where, although early failure in total com- 
munity protection was recorded, recent efforts 
with special emphasis on the spraying of all 
_ human habitations, farm shelters and rice kitch- 
ens, no matter how far distant from the village 
of the owner, have been highly successful in 
blocking transmission; and (4) the total popula- 
tion living in the rural areas of tropical Africa 
is comparatively small; although the per capita 
cost may be high, the cost per continent ought 
not to be excessive. 

The wave of independence now sweeping 
Africa with the sudden emergence of new nations, 
inexperienced in national administration, must 
inevitably produce, in some cases, administra- 
tive chaos. Such chaos should be temporary, and 
as stability develops, the new African govern- 
ments should become sensitive to the health 
needs of their peoples. No doubt the new nations 
in Africa will see DDT more generally used, 
often as a tool for gaining political prestige; the 
eradicationist should be on hand to take full 
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advantage of this developing situation rather 
than be forced, as in other parts of the world, 
to build malaria eradication on the failure of 
malaria control to give adequate long-term pro- 
tection. 

The political leaders of Africa’s new nations 
are well informed of the drive to eradicate ma- 
laria from the rest of the world and African re- 
sentment has been openly expressed in the 
World Health Assembly with the idea that ma- 
laria eradication in Africa can wait until other 
continents and other races have been freed. 

It is important in Africa, because of the in- 
tensity and universality of malaria transmission 
and the extensive movement of peoples within 
countries and across national frontiers, that anti- 
malaria activities be carefully planned and that 
each national plan be coordinated with those of 
neighboring states. 

Inevitably this means that bilateral malaria 
programs in which ICA may be participating 
will depend for their ultimate success on work 
done in neighboring states. ICA must work 
most closely with WHO in planning and develop- 
ing eradication projects in Africa, and these 
should be grouped where possible as an area or 
regional program. 

The Panel believes that the present modus 
operandi, with the ICA and WHO approaching 
governments individually to develop national 
projects, does not meet the African situation ade- 
quately. The Panel recommends that ICA study 
the malaria problem of tropical Africa as a whole 
and co-operate intimately with the WHO in the 
development of a regional program. 

Malaria eradication, more than any other 
activity, can set the pattern for international 
co-operation of the African nations in the solu- 
tion of common problems. 

Malaria eradication is the key to the solution 
of Africa’s major problems in education, agricul- 
ture, industry and transportation, and of its 
other diseases, and poverty. While malaria is 
important in many other regions of the world, 
in Africa the solution of this problem is funda- 
mental to all progress. 


11. SOCIAL IMPLICATIONS OF 
MALARIA ERADICATION 


Socioeconomic Effects 


The Panel appreciates the purely economic 
benefits of malaria eradication but believes that 
the intrinsic value of human life and health is 
paramount. 
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Some older members of the Panel who have 
observed man’s degradation by malaria and his 
ineffectual struggle against it in the pre-DDT 
era have revisited, in recent years, such formerly 
malarious areas as the Southeastern States of the 
United States, Sardinia, South Italy, India, 
Taiwan and Thailand. They have been impressed 
by the obvious beneficial transformation of the 
life of the people. It seems apparent that libera- 
tion from malaria is the prime reason for this 
change. Malaria eradication, however, is rarely 
given full credit for the benefits it brings; rather, 
the latter tend to be attributed to the increased 
population which crowds into the area to take 
up agricultural lands previously unattractive, to 
the introduction of industry, to the improve- 
ment of schools and of roads, and to many other 
previously impossible developments. 

Sometimes one is so close to events of great 
social, cultural, and economic impact that per- 
spective is lost; in the case of malaria eradication, 
no one can visualize its total effect on the future 
of mankind, especially in the tropics. 

India has been sometimes thought of as an 
exhausted country with hundreds of millions 
eking out an existence through marginal agricul- 
ture; in fact, India is a rich country. Malaria, 
more than any other disease, has contributed to 
its poverty. 

The following quotations are pertinent: 

“The most important tropical disease in 
India is malaria. After allowance is made for the 
tendency to attribute to fever, deaths from other 
causes, malaria stands out as universally preva- 
lent in India, and in many tracts it is a greater 
scourge than either plague or cholera. It maims 
as well as it kills, and causes more sickness, 
misery and death than any other single disease.” 
(Resolution of the Government of India, De- 
partment of Education, 1914.) 

‘Whether from the point of view of enhanced 
mortality, sickness and individual suffering, or 
from the effect of preventing natural increase 
and sapping the vitality of populations, or the 
paralysing effect on industry and exploitation of 
the mineral or other natural wealth of the coun- 
try, or in the direct loss to Government in a 
variety of ways, malaria is universally recognized 
as the most important sanitary problem with 
which India has to cope.’ (Christophers, 1926.) 

“The problem of existence in very many parts 
of India is the prublem of malaria. There is no 
aspect of life in this country which is not affected, 
either directly or indirectly, by this disease. It 
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constitutes one of the most important causes of 
economic misfortune, engendering poverty, di- 
minishing the quantity and the quality of the 
food supply, lowering the physical and intellec- 
tual standards of the nation, and hampering in- 
creased prosperity and economic progress in 
every way.” (Sinton, 1936.) 

Those who have visited India recently realize 
that this is becoming in large part a story of the 
past, in sharp contrast to the present. With the 
enormous progress in malaria eradication, a new 
era is opening. 

Money spent on eradication is not only an 
investment in social progress, but has proved to 
be a sound investment in economic develop- 
ment. Since data on this latter subject are frag- 
mentary, the Panel suggests that it would be 
advantageous for ICA to solicit the aid of econo- 
mists to study the effect of eradication on the 
general economy of the areas concerned, includ- 
ing the effect on agriculture, power development, 
industry and tourism, as well as the effect on 
education. 


Malaria and Population Growth 


Malaria, especially in hyperendemic areas, 
whether in the tropics or in the temperate zone, 
is notorious for its effect on population growth; 
this effect occurs not only through excessive 
mortality but also because of reduction in fe- 
cundity. Many areas of the world have resisted 
repeated attempts at colonization because of the 
failure of settlers to maintain a stable population. 

Malaria prevention not only reduces human 
suffering from malaria but diminishes the num- 
ber of untimely deaths and permits the establish- 
ment of normal positive birth/death ratios. Thus 
the prevention of malaria, as the prevention of 
other communicable diseases, tends to be fol- 
lowed, other circumstances aside, by an acceler- 
ated growth in population. But in those areas 
where malaria is hyperendemic, conditions are 
radically changed when malaria is prevented. A 
population free of malaria has possibilities of 
productive labor and of effective education and 
training undreamed of in hyperendemic areas. 

The predicted effects of uncontrolled popula- 
tion expansion upon subsistence resources, na- 
tional economies, and even on world peace, have 
been viewed with portentous alarm by those who 
lack faith in the operation of normal biological 
balances in the case of the human race. For the 
record it should be stated that, on the basis of 
economic and social conditions existing in the 
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United States thirty-five years ago, it was con- 
fidently predicted that the population of this 
country would grow much more slowly than has 
been the case during the past twenty years; that 
it would reach an equilibrium, forced by natural 
limitations of agricultural and other resources, 
when the population became one hundred sev- 
enty-five to one hundred eighty million souls. 
This level has been reached together with excess 
production of foodstuffs and with no immediate 
cause for alarm generally recognized. 

The situations in different parts of the world 
vary widely; some areas will be ready and able 
to use the additional productive capacity and in- 
creased numbers of population as they are freed 
from malaria; other areas, as they are freed, may 
find great difficulty in doing so within a short 
period. In the latter condition, it has been argued 
that the normal biological control in the human 
race, based on a balance between natural re- 
sources, number of population and living stand- 
ards acceptable to the population, will operate 
too slowly to avoid disaster. Many insist that a 
significant effort should be made to bring about 
and maintain a compensatory balance between 
natality and mortality through education of the 
public on the advantages to be gained from 
limiting the size of family in accord with its 
economic and social situation. 

There is also the fact that size of total popula- 
tion is only one side of the equation—the other 
side being the amount of production, distribution 
and consumption of goods and services. Pro- 
ponents of this point of view insist that education 
and training, plus investment in productive enter- 
prises, will add to the other side of the popula- 
tion—consumption equation. 

In any education is not feasible nor 
production of goods and services possible where 
the population is stricken with disease. Malaria 
eradication is a start toward breaking out of the 
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vicious circle of disease-ignorance-poverty-dis- 
ease-ignorance-poverty. 


12. FINDINGS AND RECOMMENDATIONS 


Findings 
Malaria eradication is feasible. Evidence has 
accumulated since the malaria eradication pro- 
gram was launched, firmly supporting the feasi- 
bility of world-wide malaria eradication. It is 
obvious that global eradication must come about 
as the cumulative result of successful nation- 
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wide eradication programs in all malarious coun- 
tries; successful malaria control programs, 
limited to the more heavily populated, economi- 
cally important areas of a country fail to pro- 
mote the mutual long-range interests of all 
malarious countries. 

The principal method of achieving eradication 
continues to be the application of residual insecti- 
cide to habitations to destroy the vector—a 
house-frequenting mosquito—and thus prevent 
transmission of the malaria parasites. In situa- 
tions where the habits of the vector or the living 
conditions of the people at risk make residual 
insecticiding ineffective, alternate methods may 
be required. These include larviciding, elimina- 
tion of breeding places, and the use of anti- 
malarial drugs. To achieve eradication it is essen- 
tial that there be (1) a complete geographic 
delineation of all malarious areas; (2) a totalattack 
on malaria transmission in such areas; and (3) 
thorough surveillance to appraise results and to 
prevent reinfection. 

A number of technical problems have ap- 
peared which complicate malaria eradication. 
These include insecticide resistance of the mos- 
quito vector, drug resistance of the malaria 
parasite, variability and modification in the 
type and construction of dwelling to be sprayed, 
nomadism and mass population movement, and 
unusual habits of the mosquito vector. Experi- 
ence shows that early and continuing epidemio- 
logical evaluation and entomological research 
are required to recognize and solve these prob- 
lems where they exist. 

Resistance of mosquito vectors to insecticides 
used in residual spraying continues to compli- 
cate eradication programs. The number of vector 
species resistant to DDT or dieldrin has steadily 
increased and as of early 1960 comprised 21 
species (1 to DDT alone, 13 to dieldrin alone and 
7 to both DDT and dieldrin), present in areas of 
at least 29 countries. The resistance problem is 
intensified by the widespread use of insecticides 
for agricultural purposes and is certain to be- 
come more acute the longer these insecticides 
are used. Other insecticides such as malathion, 
to which resistance has not yet appeared, can 
be used in eradication but their employment 
will be more costly. Every effort should be made 
to initiate effective eradication programs in all 
areas as soon as practicable to make the most 
rapid progress while there is still minimal resist- 
ance to DDT. Careful study of mosquito popula- 
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tions is necessary to detect the onset of resist- 
ance and intensified research must be aimed at 
the development of cheap, safe, substitute in- 
secticides effective against resistant mosquitoes. 
In evaluating the over-all significance of the 
resistance problem, the Panel members are confi- 
dent that this is not now an insurmountable ob- 
stacle to malaria eradication and that adequate 
research will provide the means for achieving the 
final objective. 

Resistance of the parasites to antimalarial 
drugs has appeared in widely scattered areas of 
the world. In general, the phenomenon is spo- 
radic and limited to proguanil and pyrimetha- 
mine. (After this report had been submitted, 
evidence appeared that certain strains of plas- 
modia may become resistant to chloroquine.) 
Fortunately, parasites resistant to these drugs 
currently respond well to other agents such as 
chloroquine and amodiaquin. The Panel believes 
the use of drugs will continue to be an important 
adjunct to programs of malaria eradication. 

Continued research is needed to produce a 
drug with prolonged preventive action, prefera- 
bly up to six months, and to solve the problem 
of drug resistance. 

Eradication of malaria in any large area may 
be nullified by the reintroduction of the parasite. 
To minimize this danger there should be total 
coverage over entire areas of epidemiological 
equivalence, as though political boundaries did 
not exist, and within which infected individuals 
move freely. Especially acute problems of this 
sort occur where nomadism exists. 

As has been demonstrated in many geographic 
areas, malaria eradication can be achieved in 8 
years or less. Programs are normally 1 year of 
administrative preparation, including surveys, 4 
years of spraying and 3 years of surveillance. 
Experience has shown that social and economic 
benefits will be evident after the first or second 
year of spraying. It should be recognized, how- 
ever, that in certain countries, because of ad- 
ministrative, financial or technical difficulties 
country-wide eradication may require a longer 
period. Popular and governmental support, quite 
substantial during the early phase of eradication 
when dramatic reduction in malaria occurs, has 
been difficult to maintain for the essential final 
work in peripheral populations and isolated 
foci. 

At present there is ambiguity as to the stand- 
ard dosage for residual insecticide and the mini- 
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mal frequency of application. The recommenda- 
tions of the WHO Expert Committee frequently 
have been interpreted as indicating that 2 grams 
per square meter (2 g/m?) of technical DDT 
should be applied every 6 months, or 0.6 g/m? of 
dieldrin every 12 months. On the basis of recent 
laboratory data and field experience, it is appar- 
ent that a standard treatment of 1 g/m? of DDT 
every 6 months is adequate unless entomological 
and epidemiological studies show that under 
local conditions other dosage, other insecticide 
or other schedule of application is indicated. In 
case of DDT resistance, 0.25 g/m? of dieldrin, 
every 6 months, should be adequate provided 
that resistance to dieldrin does not exist. In the 
case of resistance to both DDT and dieldrin, 
malathion is recommended as a_ substitute. 
Dosages of malathion have not been established, 
except on mud walls, where 1 g/m? every three 
months is recommended. 

It is important that epidemiological and ento- 
mological studies be instituted in each country 
along with spraying operations to obtain infor- 
mation essential for the effective and efficient 
use of insecticide. 

Progress. The results of the world-wide malaria 
eradication campaign to date are encouraging. 
As must be expected in a world of almost in- 
finitely varied forms and degrees of social, eco- 
nomic and cultural development, and of political 
stability, progress of malaria eradication has not 
been equal throughout. There have been exag- 
gerated expectations in some quarters stemming 
from lack of understanding of the technology in- 
volved, and even more so of the political, ad- 
ministrative and financial arrangements required 
for successful application of that technology. In 
general, progress toward the elimination of 
malaria, globally, since the world-wide program 
was launched, despite the human, physical and 
technical obstacles, is truly gratifying, and fully 
justifies the expectation that the world-wide 
goal, unique in public health history, will be 
achieved. 

It seems evident that in certain countries 
eradication will be accomplished, or virtually 
accomplished, within a period of 5 or 6 years 
from the date of the initiation of, or conversion 
of control programs to, eradication. 

In the light of eradication experience in many 
countries, an arbitrary “standard” 8-year pro- 
gram has been adopted, longer than the minimal 
time required in some nations, perhaps not long 
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enough in some others offering unusual obstacles. 
Eradication programs are only now being started 
in some malarious countries, or have yet to be 
initiated in others, particularly in some of the 
evolving nations of Africa. But it must be em- 
phasized that malariologists have been surprised 
at the accelerated development of programs, 
once the concept of eradication has seized the 
imagination of the peoples concerned. 

The response to the call by WHO in 1955 for 
global eradication has been even more enthusias- 
tic in malarious countries than had been antici- 
pated. The number of countries and territories 
in various stages of the campaign rose from 60 
in 1956 to 95 in 1959. 

The time has been too short for any of the 
campaigns to be completed, but the numbers of 
persons under protection by spraying has risen 
to the astonishing total of over 500 million. This 
is incomparably the greatest single public health 
program of all time. 

The dramatic reductions in death and illness 
from malaria (frequently more than 50% after 
the first year of complete coverage by spraying) 
have made the campaigns generally popular and 
have laid the foundation for basic economic im- 
provement. 


Through the malaria eradication program, 
government has, in many areas, for the first time 
established public health contact with tens of 
millions of persons, mostly in rural villages. In 


response to the awakened popular demand 
created by this contact, government is in some 
of these areas beginning to take other practical 
steps to improve health. Public health work 
tends to snowball under popular pressure; this 
popular pressure itself is a force to impel govern- 
ment to complete malaria eradication. 

Experience shows that vigorous public health 
education to convince the individual that he and 
his family do not have to have malaria and to 
enlist his active participation greatly facilitates 
malaria eradication. 

Obstacles to progress. The chief obstacles to 
progress in malaria eradication are: 

(1) Failure to approve adequate financing. Be- 
fore a project is initiated, adequate financing for 
the whole program should be agreed upon in 
principle and funds allocated each year well in 
advance to prevent the possibility of a shortage 
of funds delaying or interrupting operations. 
Failure to do this has been almost ruinous to 
some eradication projects. 
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(2) Weakness of administrative structure. Many 
health ministries are slow in making the major 
adjustments needed for a successful malaria 
eradication campaign. Creation of a semi-autono- 
mous body is strongly recommended; this re- 
quires negotiation and new legislation. 

(3) Shortage of trained manpower. This problem 
is well-nigh universal. It calls for special training 
courses organized a year or more in advance and 
for competent personnel to be made available 
promptly for the course. Especially important 
is the training of administrators—not only for 
supply, transport and finance—but also for the 
wider functions of public health administration. 
For most malarious countries, these men must 
be trained abroad. Pending their preparation, 
the country must depend on international co- 
operation for the supply of such key personnel. 

(4) Shortage of specialists. This applies to all 
categories generally, but, in the United States, 
especially to medical public health administrators 
and epidemiologists trained in malaria eradica- 
tion. Suitable courses for the training of these 
specialists are not now offered by any university 
or school of public health in the United States. 

(5) Lack of basic epidemiological data. In many 
countries, considerable time, often a full year, 
must be devoted to the collection of basic infor- 
mation, including the preparation of a “malaria 
map” delineating the malarious areas and a 
census of human habitations with estimates of 
the extent and kind of wall surfaces to be found. 

(6) Inadequacy of reporting. In many projects, 
spraying operations and evaluation have been 
instituted without proper provision for detailed 
reports of what is occurring at a given place at 
a specified time. Reporting must be improved to 
permit of continuing analysis of progress on 
which corrective action can be based. 

(7) Shortage of international (PAHO/WHO) 
teams of epidemiologists. These teams are invalua- 
ble for checking national projects and facilitating 
an interchange of current experience. Unfortu- 
nately, they have not always been available when 
needed. 

Duration. The Panel is unable to suggest a 
terminal date for global eradication because: 

(1) A malaria control program does not be- 
come one of eradication merely by changing its 
name, but only by reorganization to the rigid 
specifications of eradication. The standard 8-year 
period may not be adequate unless the whole 
area is brought under spraying promptly with 
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no major errors and no important interruption in 
operation, and without encountering any major 
technical obstacle. 

(2) Although the number of countries and 
territories that have announced a policy of 
malaria eradication has risen since 1956 from 60 
to 95, some of these are not yet fully operational. 

(3) Many other countries still have pilot stud- 
ies underway, upon which final plans must be 
based. The duration of such studies cannot be 
predicted with any degree of accuracy. 

(4) Estimates of population in malarious coun- 
tries where eradication has not yet begun are 
probably inaccurate. Experience has shown that 
the population to be covered in certain countries 
conducting eradication projects has been greatly 
increased by the inclusion of large numbers of 
people in areas only lightly malarious. In India, 
alone, for example, these numbers run into more 
than 150 million. 

(5) Problems of resistance are increasing. Al- 
though these are not insurmountable, they may 
lengthen the duration of the campaigns in the 
countries involved. 

(6) Local financing may fail. Unless external 
funds are promptly available, operational break- 
downs will inevitably lengthen certain programs. 

Cost. WHO estimated that world-wide eradica- 
tion of malaria would cost $1.7 billion from 
calendar year 1959 to its completion. This figure 
includes estimates for the Communist countries 
(including China), and Africa and the cost of 
three years of surveillance for all programs, at 
an annual rate ranging from 40 to 75% of the 
annual cost of spraying. 

On the basis of information presently availa- 
ble from WHO, PAHO, ICA, UNICEF, and 
other sources, the Panel estimates that for the 
period beginning with calendar year 1960, the 
cost of eradicating malaria in the free world will 
not be less than $1.3 billion, of which $390 mil- 
lion would be foreign exchange cost and the 
equivalent of $950 million would be local cur- 
rency cost. 

The above estimates of minimum cost are in 
terms of dollars of present purchasing power 
and of basic procedures currently followed in 
the conduct of the eradication programs. They 
do not allow for technical and administrative 
contingencies or improvements which experience 
suggests will occur. Not less than 50% in the 
case of total cost, and not less than 25% in the 
case of foreign exchange cost, should be per- 
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mitted as an adequate safety factor in such long 
term estimates. Annual revision of estimates on 
the basis of additional experience is essential. 


Recommendations 


The Expert Panel on Malaria has expressed 
points of view and opinions and made sugges- 
tions and recommendations throughout the body 
of this report. The principal recommendations 
of the Panel are that: 

(1) United States support of world-wide ma- 
laria eradication, a program accepted and ap- 
proved by the nations of the world at the World 
Health Assembly in 1955, continue until the ob- 
jective is achieved; 

(2) the United States consider support for 
additional country eradication projects in re- 
sponse to the clear initiative of national govern- 
ments, especially in countries with large popula- 
tions such as Pakistan, and giving preference to 
countries adjacent to those where eradication 
projects are in progress; 

(3) the total level of malaria eradication fi- 
nancing from all sources not be permitted to de- 
cline until a large number of countries pass from 
the attack phase into surveillance and beyond; 

(4) the United States make efforts to obtain 
substantially larger contributions to the Malaria 
Eradication Special Accounts of PAHO and 
WHO from the member governments of economi- 
cally advanced countries; meanwhile, the United 
States maintain its contributions to the Special 
Accounts at adequate levels; encouragement be 
given to countries which have eradicated ma- 
laria to assist in the remainder of the global cam- 
paign ; 

(5) the United States give separate considera- 
tion to tropical Africa; ICA cooperate intimately 
with WHO in planning eradication for Africa as 
a single program; the United States take the 
initiative, without prejudicing malaria eradica- 
tion elsewhere, possibly by creating an African 
Malaria Fund, and seek the participation of 
other nations; 

(6) ICA provide funds for expanded research 
in epidemiology, surveillance, entomology, insect 
resistance, dosage and cycle of application of in- 
secticide, chemotherapy, persistent fumigants, 
and such other problems as may emerge in the 
course of eradication; 

(7) ICA encourage the recruitment of medical 
public health administrators and epidemiologists 
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and provide for their training in malaria eradica- 
tion, by subsidizing suitable courses in schools of 
public health in the United States; 

(8) ICA insist on early and continuing epi- 
demiological evaluation of eradication projects 
in which it participates and be prepared to with- 
draw its support from projects where failure to 
register reasonable progress can be attributed to 
the lack of government support or inadequacy 
of administrative controls. 


Administrative Principles in Malaria 
Eradication Programs 


It is recommended that all ICA-aided malaria 
eradication programs, whether new or continu- 
ing, obtain acceptance of the following adminis- 
trative principles: 

(1) The Director of a National Malaria Eradi- 
cation Program has the prime responsibility for 
seeing that malaria is eradicated in his country. 
To do this, he should have full administrative 
authority, that is, effective control of nationally 
budgeted malaria eradication funds and of re- 
sources made available for the program, and 
also, control of personnel, including hiring and 
firing. Care must be taken in the selection of a 
Director competent to exercise this authority. 

(2) Malaria eradication programs require dedi- 
cated leadership and strong organizing ability. 
A vigorous sense of responsibility and discipline 
is essential in the Director of malaria eradication 
programs. He should have the judgment and 
ability to delegate authority and to command 
respect. He should be strong in dealing with in- 
efficiency. 

(3) The enforcement of these principles should 
be delegated by the Director to all levels of 
supervision in his organization, down to the 
lowest supervisory echelon. 

(4) It should be emphasized that responsibili- 
ties are assigned not only for operation, but pri- 
marily, for results; responsibility is not dis- 
charged by spraying a certain number of houses, 
but by interrupting malaria transmission. 

(5) In malaria eradication programs, the area 
of activity should be divided into geographic 
units, each under an individual who has complete 
responsibility for the accomplishment of malaria 
eradication within his area. 

(6) Experience has proved that success in 
eradicating malaria depends in large measure on 
adequate supervision and checking of assigned 
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tasks. Great emphasis must be placed on this 
point. Employees should be taught to expect 
thorough checking of assigned tasks and inevita- 
ble disciplinary action for failure or neglect in 
discharging their assigned duties. 

(7) Experience in eradication programs has 
proved that when these administrative principles 
and procedures were followed, success was cer- 
tain. Experience has also demonstrated that 
when these principles have been neglected or 
ignored, eradication programs have suffered 
serious delay with increased costs and threatened 
failure. 


ANNEX I: COUNTRIES WITH ICA MALARIA 
ERADICATION PROJECTS 


Far East 
Cambodia 
Indonesia 
Laos 
Philippines 
Taiwan 
Thailand 
Vietnam 

Near East and South 

Asia 
Ceylon 
India 
Iran 
Jordan 
Nepal 


Africa 
Ethiopia 
Liberia 
Libya 

Latin America 
Bolivia 
Brazil 
Colombia 
Ecuador 
Guatemala 
Honduras 
Jamaica 
Nicaragua 
Paraguay 


ANNEX II: EXAMPLES OF MALARIA 


ERADICATION 


While malaria eradication means the ultimate 
elimination of the parasite of malaria from the 
world, this ultimate objective must be reached 
by stages. In planning the program of malaria 
eradication, it is justifiable to speak of local, 
insular, provincial, national, regional and global 
eradication as parts of a continuing develop- 
ment. It is obvious that all “eradicated” areas, 
until the ultimate is reached, are threatened by 
reinfection and each eradicated area must be 
protected by continuing expansion of “eradica- 
tion,” first from contiguous areas from which 
reinfection could most easily come, and eventu- 
ally from the last existing focus in the world. 

The examples presented have been chosen for 
their historical interest or because of specific 
lessons to be learned. 
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Sardinia (Insular Eradication) 


The first cycle of island-wide spraying of 
human habitations with DDT was carried out 
from November 1946 to June 1947. Since the 
program in Sardinia was planned for the eradica- 
tion of Anopheles labranchiae, larviciding was also 
practiced in later years. Reduction in reported 
malaria was dramatic (Table 7). 

There is no evidence of malaria transmission 
in Sardinia since 1950 although a few imported 
cases have been seen and a few infections con- 
tracted through blood transfusions. An observer 
reports in 1958: 

“The disappearance of malaria has brought 
about great changes in Sardinia. The general 
health of the people has noticeably improved 
and the output of work has increased. Large- 
scale land transformation projects are in progress 
in the country, and regions formerly uninhabited, 
or uncultivated, are now built up with houses 
and, in some cases, villages have appeared, as 
for example, in the Nurra, the lower Tirso 
Valley, Guista (south of Oristano), Uras, Castia- 
das, Orosei, Ozieri, etc.; frequently one feels 
one is in the Agro Pontino.” 


Italy (Provincial and National Eradication) 


The following quotations are from a recent 
publication, ‘A Great Social Achievement: The 
Eradication of Malaria in Italy.” (E. Mosna, 
Riv. parassit., 20: 335-336, 1959.) 

“From the results of two antianopheline cam- 
paigns conducted in Italy in 1945 (one by Mis- 
siroli and co-workers in the “Paludi Pontine’’, 
and the other by Soper and co-workers in the 
“Agro Romano’’) it could be concluded that in 
the Mediterranean area, in which malaria is due 
in great part to anophelines of the A. maculi- 
pennis group, adulticide measures were sufficient 
to interrupt the transmission of malaria whatso- 
ever were the housing conditions. 

“Following Missiroli’s five-year antimalarial 
plan for Italy proposed in January 1946, opera- 
tions for the eradication of malaria in the Prov- 
ince of Latina were initiated in March of the 
same year, in order to obtain new practical cri- 
teria for the future organization of the anti- 
malarial campaign in the whole of Italy... . 

“Anti-adult operations with DDT were car- 
ried out annually from 1946 to 1953: the in- 
ternal walls of all human dwellings and animal 
quarters in the malarious zone of the Province 
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TABLE 7 


Cases of malaria reported by provincial medical 
officers in Sardinia from 1946 to 1950 





After DDT 





1948 | 1949 | 1950 
| | 


0,149] 2,968} 341] 6| 4 
5, 447| 39,303| 15,121/1,314 | 44 


New cases 
Total cases 





TABLE 8 
Iliness and deaths attributed to malaria in the 
Province of Latina 





| | 
| s94st | 1946$ | 


1944* 1947 | 1948 | 1949 


New cases |35,969| 2,382} 96 6, 0| 0 

Total cases 54,929/44 , 712/30, 929 6 ,456/1,327| 97 

Deaths 120) 160) 19 O} OO 
| | 





* Reports for 1944 cover only the second half 
of the year following the withdrawal of the Ger- 
man Army. 

t In 1945, control measures using Paris green 
as a larvicide. 

t In 1946, the first year application of DDT. 


were sprayed. A vigorous surveillance on re- 
sidual anophelism was maintained thence. .. . 

“‘Anti-adult measures with DDT have brought 
about eradication of malaria (P. falciparum in 
the third year and P. vivaz in the fourth year of 
the campaign). 

“‘As regards the malaria vectors, through treat- 
ment with DDT A. sacharovi has disappeared 
from the Province after 2 years and A. la- 
branchiae after 4 years of the campaign. 

“The rapidity of the disappearance of malaria 
in the Province of Latina was indeed heartening 
and gave strong support for the proposal for 
national eradication in all Italy. [Table 8.] 

“For the ten years, 1950 through 1959, no 
cases of malaria nor deaths from malaria were 
reported from this previously heavily malarious 
province. 

“In the other provinces of Italy in which 
there were zones considered malarious (with 
exception of Sardinia, where it was tried to 
achieve eradication of anophelines), the anti- 
adult measures with DDT, started nearly all in 
spring 1947, following the procedures used at 
Latina, have practically led to disappearance of 
malaria after 5 years. After so many centuries 
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of the ravages of malaria, already in 1948, i.e., 
only two years after the start of the DDT anti- 
adult campaign, no case of death due to malaria 
was reported in Italy.” 

While the results for Italy as a whole have not 
been as absolute as those from Latina, they give 
dramatic proof of the rapidity with which ma- 
laria infection disappears once transmission 
stops. In 1946, 374,163 cases of malaria with 
280 deaths were reported in Italy. No deaths 
have been reported since 1949, and less than 100 
cases in any year after 1952. Until sources of re- 
infection have been eliminated, Italy may con- 
tinue to have occasional localized epidemics, as 
in a rural center in Sicily, 1956, when some 78 
new cases were observed. Italy has no recognized 
malaria problem continuing year after year. 


Taiwan (Insular Eradication, Terminal Stage) 


The experience in malaria control and eradica- 
tion in Taiwan is most instructive. A study of 
this experience indicates that careful current 
epidemiological evaluation with continuing 
adaptation of operations to needs, may, under 
favorable conditions, lead to eradication of 
malaria at a lower cost than estimated on the 
basis of the standard eradication procedure. 

Taiwan has been recognized as a highly malari- 
ous area ever since the Japanese invasion of 
1896 when 6,000 troops suffered 16,000 infec- 
tions in a single year. The Japanese program of 
quinine distribution and obligatory treatment of 
cases broke down during World War II and ma- 
laria became rampant throughout the Island. 
The Rockefeller Foundation collaborated with 
the government in 1946 in creating a Malaria 
Institute for the training of malaria specialists 
and for studying malaria and its vectors. In 
1951, when estimated cases of malaria reached 
1,200,000, with 11,000 deaths, the health authori- 
ties began plans with the collaboration of ICA 
and of WHO, for an island-wide malaria control 
program. 

The control program began officially in May 
1952, with operations that year limited to stud- 
ies and to preliminary testing of methods; in 
1953 house spraying was carried out in the most 
malarious parts of the island; in 1954 control was 
extended to a much larger area of median ma- 
laria intensity; in 1955 spraying also covered the 
small population living in the foothills and 
mountains. 
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Late in 1955, animated by the declaration of 
the World Health Assembly for malaria eradica- 
tion and spurred on by the obvious results of 
the work already done in Taiwan, the authorities 
decided to transform the control service to one 
for the total eradication of malaria. In 1956, the 
rest of the island was sprayed except for purely 
urban areas, the only permanently malaria-free 
parts of Taiwan. 

In the readily accessible heavily populated 
areas, spraying with DDT resulted in the disap- 
pearance of malaria transmission and of most of 
the cases within a two-year period, and in many 
areas in the almost total disappearance of the 
principal vector, Anopheles minimus. The ma- 
laria situation was such in 1956 that spraying 
was cut back in 1957 to the heavily malarious 
area covered in the first year’s spraying (1953). 

A survey made in 1957 indicated that most of 
the Island of Taiwan was free of malaria trans- 
mission; that there were some eight residual foci 
of transmission which could be differentiated as 
(1) four foci where house spraying had never 
been carried out and (2) another four foci where 
low-grade transmission occurred in spite of previ- 
ous spraying. 

In 1958, house spraying was limited to the 
population of these eight residual foci and that 
of surrounding and contiguous areas. Active 
surveillance on an intensive scale was established 
for this population with drug treatment for all 
infected persons found. A less rigorous and more 
economical surveillance was established for the 
rest of Taiwan’s population. 

Table 9 shows how far the Taiwan program 
has varied from the standard “planning and 
costing” eradication program of one year of 
preparation, four years of complete house spray- 
ing followed by three years of complete uniform 
surveillance to determine that eradication has 
occurred. The table also shows that the cost of 
undertaking eradication, a decision taken late 
in 1955, had largely been underwritten by the 
previously organized control campaign, the peak 
year of expenditures having been 1954! The total 
per capita cost of eradication projected to the 
end of 1961 is $0.82 U.S. A. of which $0.57 had 
been spent by the end of 1955. 


In considering the Taiwan program attention 
should be given to certain deviations from the 
standard WHO eradication program of one year 
of preparation, four years of spraying and three 
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TABLE 9 
Development by years of malaria control and eradication program in Taiwan, 1952 to 1961 





Estimated population (in thousands) 





1955 


| 
1956 


} 





Total for Taiwan 
In malarious 
areas 
Attack phase 
Consolidation 
phase 
Maintenance 
phase | 
Costs (US$) | 
Annual expendi- 
ture 
Per capita—for | 
population at 
risk* 


|186 , 680/77: 


| 
| 
| 
| 


.03 


| 9630 


8280 


8750| 
7460 
| 


9000 
7710 


10000 


8000 8560! 8830 
6728 


0} 1300 


260 
2430 


100 


2720 2500 





982) 5230 7 5870; 6230) 7440 


T7011, 889 , 400/1 , 246 , 270/943 , 070/238 , 315) 160 , 759/270 ,879)259 041/169 ,670 


.02| 


7 -03 -03 -03 .02 














| 
| 
| 





* The per capita costs include in the year of expenditure the costs of ‘“‘tooling up’’ which are not 
amortized under the life expectancy of the equipment. Costs of equipment are likewise included in the 
year of purchase. In an eradication program in which every step of the program is for the permanent 
protection of the total population at risk, all costs should be charged against the total population to be 
permanently protected without consideration of the percentage of the population to which a given meas- 


ure is being applied in a given year. 


of surveillance. Not all of the malarious areas in 
Taiwan were sprayed the same length of time. 

In 1957 only the heavily malarious area with 
1,500,000 population where spraying began in 
1953 was sprayed; in 1958 this was reduced to 
300,000 living in potentially infective areas, in 
1959 to 260,000 and in 1960 to 100,000. The 
amount of spraying done in Taiwan added up 
to about three years spraying for the popula- 
tion living in the malarious area. It should be 
noted that the spraying in Taiwan consisted 
of a single annual application of DDT at the rate 
of 2 g/m?. 

It should be noted also that there has not been 
blind obedience to the formula for the applica- 
tion of surveillance on the same scale throughout 
all of the previously malarious areas. Surveil- 
lance has been very intensive in residual foci of 
infection and in potentially malarious areas with 
considerable insistence on mass blood parasite 
surveys, but this intensive study has been con- 
centrated in only a few hundred thousand of 
the population previously at risk. 


To summarize, one can say that the use of 


TABLE 10 





oes ~~ area 


Percentage of 
(sq km) i 


Year increase 





1951 | 431, 954 
1952 | =—_(156,938 
199,740 
| 248,701 
| 305,414 
| 361,045 
| 872,601 


400 ,414 


1953 
1954 
1955 
1956 
1957 
1958 
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epidemiological information at all stages of the 
Taiwan program to orient both spraying and 
surveillance activities has speeded up the pro- 
gram of eradication and greatly reduced the 
over-all costs. (There can be little doubt that 
Taiwan is on the verge of eradication, only 167 
persons having been identified as carriers of 
plasmodia during 1959 when some 775,000 blood 
slides were examined in an intensive search for 
malaria parasites.) 
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Venezuela 


In any history of malaria eradication in the 
Western Hemisphere considerable attention must 
be paid to the development of the program for 
the eradication of malaria in Venezuela. Not only 
is Venezuela the meeting place for various species 
of malaria vectors having quite different breed- 
ing and feeding habits, but it also lies entirely 
within the tropics and is the first tropical coun- 
try in which a nation-wide program for the eradi- 
cation of malaria was planned. 

“The nation-wide campaign against malaria 
in this country, begun in 1945, was based on 
DDT indoor residual spraying and has as its 
aim ‘the eradication of malaria from Venezuela’ 
by ‘protecting all the houses of the malaria zone, 
even those of sparsely populated or mild dis- 
tricts’... The initial plan contemplated having 
the whole country malaria free by 1955, after 
spraying 100% of the houses of the infected 
zone.” 

The Venezuelan experience has been most 
important, especially because of some of the 
difficulties encountered. A point of major im- 
portance which should be taken to heart by 
workers in other countries is the Venezuelan 
experience indicating that the smallest political 
divisions, the municipios, or counties, are the 
most appropriate units for the study of progress 
towards eradication. 

A single indigenous case found in any county 
was sufficient to keep that county in the in- 
fected area. Measuring the results of operations 
by counties called attention to the particular 
counties in which there were problems to be re- 
solved, whether these problems were adminis- 
trative or epidemiological. By 1951 there was an 


already considerable area which during three 
years had not been known to have any indige- 
nous cases. The annual increase of the malaria 
“eradicated” area of Venezuela is shown in 
Table 10. 

In 1959 the territory still infected in Vene- 
zuela “is formed by 59 municipios with an area 
of 155,874 square kilometers and a population 
of 520,000 inhabitants.” Not all of these in- 
habitants live in localities where malaria trans- 
mission still occurs. A study of the number and 
distribution of cases occurring in 1958 has led to 
the following statement: “These figures indicate 
that malaria is reaching the vanishing point in 
Venezuela and that if the work with drugs (pyri- 
methamine and primaquine) is finally successful 
Venezuela may still be the first continental 
country in the tropical zone to become entirely 
free of malaria.” 

Venezuela and British Guiana which began 
eradication in the same year both registered 
rapid and easy conquest of malaria in those 
areas where malaria transmission was very heavy 
and where the vector Anopheles darlingi was so 
highly domestic that it disappeared rapidly from 
the areas in which all of the human habitations 
were sprayed with DDT. Venezuela has long 
been free of malaria in all those areas in which 
Anopheles darlingi was the principal vector but 
still has difficulties in the areas infected with 
Anopheles aquasalis and Anopheles nufiez-tovari, 
vectors whose behavior is quite different from 
that of the more efficient Anopheles darlingi. 

Added to its other difficulties Venezuela has 
suffered rather constantly from the introduction 
of malaria infection from neighboring countries, 
particularly across land frontiers. 





N,N’-bis(DICHLOROACETYL)DIAMINES AS AMEBICIDAL AGENTS 


D. A. BERBERIAN, R. G. SLIGHTER anv E. W. DENNIS 


Sterling-Winthrop Research Institute, Rensselaer, New York 


The purpose of this paper is to report on the 
in vitro and in vivo amebicidal activities of 
eight new compounds recently synthesized by 
Surrey and Mayer. These compounds are all 
classified under the general heading of N , N’-bis- 
(dichloroacetyl)diamines. They belong to three 
distinct chemical groups whose general formulae 
are given below, where R is a dihalogenated 
alkyl group, Z is an alkyl or an alkoxy group, 
and N refers to the number of CH: groups. 
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The relationship of chemical structure to anti- 
amebic activity for a large number of compounds 
in this series is discussed more fully in a paper 
recently published. 


MATERIALS AND METHODS 


In vitro procedure. The in vitro amebicidal 
assay was carried out against Entamoeba histo- 
lytica by a routine screening procedure previously 
described in detail by Dennis, Berberian and 
Hansen.2 A pooled mixture of three strains of 
E. histolytica of human origin (T-200, 5498 and 
289), obtained from the Division of Laboratories 
and Research of the New York State Depart- 
ment of Health and maintained separately as 
stock cultures on Locke egg-serum medium, was 
used for screening and evaluation. The com- 
pounds under investigation are very sparingly 
soluble in water. Therefore, a carefully weighed 
quantity of each compound was ground in a 
sterile mortar and suspended in 4.5 ml of sterile 


A 
CH—CH.—N 
CH.—CH;, 


Hansen’s egg-serum medium. Serial dilutions 
were then prepared in the same medium. To 
each tube containing 4.5 ml of drug dilution, 
and to a control tube containing only the vehicle, 
was added 0.5 ml of a rich inoculum containing 
4,000 to 6,000 amebae. The tubes were incubated 
for 48 hours at 37°C. Amebae proliferated at 
the bottom of the culture tubes. Prior to exami- 
nation the supernatant fluid was decanted, leav- 
ing approximately 0.5 ml of liquid in which to 


xylylenediamines 


alkylenediamines 
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/ 


bis(aminomethyl)cyclohexanes 
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suspend the sediment. One or more preparations 
were made from each concentration by placing 
0.05 ml of the sediment on a microscope slide 
and covering it with a 22-mm square cover slip. 
The entire area under the cover slip (484 sq mm) 
was carefully examined for trophozoites. Before 
a drug-culture-mixture was declared negative at 
least 150 low power fields in each of three prepa- 
rations had to be free of amebae. The greatest 
dilution which killed all amebae after 48 hours 
of incubation was considered to be the amebicidal 
titer. 

In vivo procedure. Hamsters of either sex 
weighing 100 to 120 g and harboring Entamoeba 
cricett in their ceca were used. The suitability of 
this infection for testing the amebicidal activity 
of drugs has been described.* In the colony of 
hamsters used in our studies the median number 
of trophozoites was 70 per slide (22-mm square 
cover slips). In a representative group of 20 
hamsters, 3 were negative; 5 were 1+, with 5 to 
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49 trophozoites per slide; 5 were 2+, with 50 to 
149 trophozoites per slide; 5 were 3+, with 
150 to 599 trophozoites per slide; and 2 were 
4+, with 600 or more trophozoites per slide. 
The actual numbers of trophozoites per prepara- 
tion and the intensity of infestation as demon- 
strated by the number of hamsters in each group 
into which these animals were categorized are 
typical of the amebic infestation in our colony. 
No test was scheduled if for any reason the rate 
of infestation fell below 80%. An adjustment was 
made in the percentage of hamsters cured by 
drug when the infestation in the controls was 
less than 100%. 

Compounds were dissolved or suspended in 
10% autoclaved gelatin and tested at three dose 
levels, five to ten hamsters being used for each 
dose level. Compounds were administered intra- 
gastrically with the aid of a blunt mantled nee- 
dle, in a volume of 0.5 ml twice daily for 4 con- 
secutive days. 

The morning following the last medication 
the hamsters were sacrificed by chloroform 
anesthesia. Scrapings from the wall of the cecum 
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of each animal were placed in 0.05 ml of physio- 
logically normal saline, and the preparation was 
directly examined microscopically for the pres- 
ence of amebae. At least three preparations from 
different areas of the cecum were examined 
before a hamster was considered “cleared.” If 
all the animals were cleared at the lowest dose 
level, the compound was then retested at lower 
doses. When compounds showed significant de- 
grees of amebicidal activity the test was re- 
peated as many as 2 to 5 times at various dose 
levels. For purposes of comparison the effective 
dose for 50% of the hamsters (EDj) and its 
standard error (S.E.) were calculated by the 
logarithmic-probit method of Miller and Tainter.* 
All dosage values given are in terms of mg/kg/ 
day for 4 days. 


RESULTS 


In vitro. The in vitro screening results are 
summarized in Table 1. Emetine hydrochloride 
solution (0.032 mg/ml) was used as a reference 
compound. By our test procedure the emetine 
hydrochloride reference sample is amebicidal in 


TABLE 1 
In vitro amebicidal activity of N-N’'-bis(dichloroacetyl) diamines 





Compound no Drug concentration 


1:10 million 
1:20 million 
1:15 million 
1:20 million 
1:1 million 
1:5 million 
1:5 million 
1:10 million 
1:1 million 
1:5 million 
1 
1 
1 
1 
1 
1 


5 

:1 million 

5 million 

:5 million 

710 million 
710 million 
:50 million 





No. of amebae per 0.05 ml 
(48 hours) 
_| Approximate amebicidal titer 


Culture control | Test compound 


433 0 
15 
0 :15 million 





:10 million 


:1 million 


:5 million 


:1 million 


:1 million 


:5 million 


:50 million 





Emetine HC1* 1:5,000 

1:10,000 
1:80,000 
1:160,000 


Chlorbetamide* 


* Reference drug. 





:5,000 


780,000 
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a concentration of 1:5,000. All of the compounds 
reported herein have in vitro amebicidal titers 
which are significantly greater than that of 
emetine. One compound (no. 8), N,N’-bis(di- 
chloroacetyl) - N,N’ - diethyl - 1,4 - bis(amino - 
methyl)cyclohexane, was lethal to EZ. histolytica 
at a concentration greater than 1:50 million. 
Other members of this series were found to be 
amebicidal at concentrations of 1:1 million to 
1:15 million. 

In vivo. The in vivo screening results are sum- 
marized in Tables 2 and 3. Six of the eight com- 
pounds reported are classified as xylylenedia- 
mines, one as an alkylenediamine and one as a 
cyclohexane. Five ot the eight compounds, in- 
cluding the cyclohexane, have calculated EDw» 
values of approximately 1 mg per kg. The ED» 
values of the remaining three compounds vary 
from 1.44 to 2.50 mg per kg. The most active 
compound in this series is 2-chloro-N ,N’-bis- 
(dichloroacetyl) - N ,N’ - diethyl-1,4 - xylylene - 
diamine (no. 4) with an ED» of only 0.7 + 0.09 
mg per kg. The ED, of its dibromo-analog (no. 
5) is 1.18 + 0.16 mg per kg. Both of these com- 
pounds are more active than compound no. 2 
(EDs = 2.50 + 0.25), which does not have a 
halogen substitution on the nuclear ring. The 
analog with two methyl substitutions on the 
benzene ring (no. 6) is intermediate in activity, 
having an ED» of 1.67 + 0.21 mg per kg. 

Of the alkylenediamines, the most active com- 
pound is the decamethylene derivative, N,N’- 
bis(dichloroacety]) - N ,N’ - diethyl - 1,10 - deca - 
methylenediamine. Its ED» is 1.44 + 0.30 mg 
per kg. 

The only outstanding compound found in the 
cyclohexane group is compound no. 8, N , N’-bis- 
(dichloroacetyl) - N , N’ - diethyl- 1 ,4-bis(amino- 
methyl)cyclohexane. Its EDg is 0.98 + 0.15 
mg per kg. 

Amebicidal activity in humans. The efficacy of 
representative members of the _bis(dichloro- 
acetyl)diamines for treatment of intestinal 
amebiasis has been confirmed and will be re- 
ported separately. However, we would like to 
refer briefly to the treatment of a case of amebic 
colitis in a 21-year-old woman, weighing 120 
pounds, with compound no. 1, N,N’-bis(di- 
chloroacetyl) - N ,N’ - bis(2 - ethoxyethyl) - 1,4- 
xylylenediamine. Pretreatment stool examina- 
tions were repeatedly positive for EZ. histolytica, 
E. coli and Endolimaz nana. The patient was 
given 0.125 g of the compound twice daily (after 
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TABLE 2 
Effect of N,N’'-bis(dichloroacetyl)diamines on 
Entamoeba criceti infection in hamsters 





Amebicidal action 
Compound) Dose mg/ 


Calculated EDso 
no. kg/day : 


+ S.E. mg/kg 


No. cleared| % cleared 





0/20 0 
5/30 16.6 
27/35 77.1 
15/15 | 100 


1.14 + 0.10 


0/5 0 
4/25 16 
21/40 
35/35 


0/15 

7/15 
17/18 

8/8 


0.83 + 0.12 


1/20 
13/19 
25/25 


0.70 + 0.09 


4/19 
18/24 
18/19 

4/4 


1.18 + 0.16 


0/20 

7/20 
23/24 

5/5 


1.67 + 0.21 


2/10 
9/15 
12/15 


3/15 
13/14 
19/19 


0.98 + 0.15 

















breakfast and supper) for 5 consecutive days. 
Stools were examined daily for the Ist week, 
twice weekly for 5 weeks thereafter, and at 
regular intervals for 1 year. A total of 14 post- 
treatment stool examinations was done. E£. 
histolytica cysts and trophozoites disappeared 
from the stools within 48 hours after initiation 
of therapy, and the patient’s stools remained 
free of E. histolytica for 1 year. E. coli cysts and 
trophozoites disappeared within 72 hours fol- 
lowing the first dose and did not reappear in the 
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TABLE 3 
Structural formulae and EDso values of N ,N'-bis(dichloroacetyl) diamines 








Xylylenediamines 


C:Hs,OCH:CHx 
Cl,CHOC” 


C:Hs 


NCH: —CHiNC 
Cl,CHOC COCHCI, 


C,H 
“NCH: 
Br,CHOC 


C.H 
"NCH: 
ClLCHOC 


C:H 
NCH: 
Br:CHOC’ 


C:Hs 
‘NCH; 
Cl,CHOC% 


Alkylenediamine 


Ci 
Cl,CHOC” 


Cyclohexane 


CH.CH 


Cas 
NCH: CHC 
Cl,CHOC’ 


Chlorbet 
amide* 


Ncl 


CH; 


N(CH3) NC 


\CH.CH.% 


/CH,CH,0C:Hs 
—CH,N< 
\COCHCh 


1.14 + 0.10 
C2Hs 


ous 
\COCHBr: 


0.83 + 0.12 
CH:N 


Jos 0.70 + 0.09 


—CH,N¢ 
‘COCHCI 





/ Cass 
—CH.N< 
\SCOCHBr, 


1.18 + 0.16 
NCI 


onx/ 
— 2iN¢ 
‘COCHCI: 


C,H; 1.44 + 0.30 
NCOCHCI, 


2Hs 0.98 + 0.15 
SCOCHCI, 


a 
=\ 


ye 
>CHCHNC 





,CH.CH:0H 


CH.N< 


SCOCHCI, 





* Reference drug. 
patient’s stools for a similar period. EZ. nana 
cysts and trophozoites were absent from the 
stool specimens passed on the 4th day; but they 
reappeared in the stools passed on the 8th day, 
3 days after the termination of treatment, and 
were present in all specimens examined there- 
after. 


Recently we had the opportunity to treat 
amebic colitis in two new cases, a physician and 
his wife. The physician, a 43-year-old white 
male, 3 months prior to examination had acute 
diarrhea and severe abdominal colics, which 
followed the flooding of the septic tank in the 
area where he lived. Subsequently there was 





NEW AMEBICIDAL AGENTS 


complaint of colic, occasional loose stools and 
flatulence. The liver was enlarged 7.5 cm beyond 
the costal margin, and the colon was palpable 
and tender. A stool examination on November 
22, 1960, revealed cysts and trophozoites of 
E. histolytica. On November 24, he began to 
take one-fourth of a 0.25-g tablet of compound 
no. 1, twice daily. The stools were examined 
daily by direct microscopy within 15 minutes 
after passage. HE. histolytica was present in the 
stools until November 29 when three saline 
preparations were negative. Treatment was then 
discontinued. He took a total of 750 mg of the 
drug in 6 days. Stool examinations were repeated 
at weekly intervals for 3 consecutive weeks and 
were negative for amebae; the patient has been 
symptom-free for 1 month. The liver regressed 
to the costal margin. 

The 39-year-old spouse of the physician had 
suffered from diarrhea of several days’ duration 
2 months prior to examination, followed by 
abdominal colic and flatulence. She later ran a 
low-grade fever and developed acute arthritis of 
both wrists and knees with swollen articulations. 
Her liver was enlarged 10 cm beyond the costal 
margin and the colon was tender. Her stools were 
also positive for cysts and trophozoites of E. 
histolytica when examined on November 22, 
1960. Her treatment consisted of one-fourth of a 
0.25-g tablet of compound no. 1 twice daily. The 
stools were examined daily and were positive 
until the 5th day of medication. On the 6th day 
a few atypical degenerating trophozoites were 
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noted. On the 7th day the stools were negative 
and treatment was discontinued. She took a 
total of 875 mg of the drug in 7 days. Subsequent 
stool examinations at weekly intervals for 3 
consecutive weeks were negative for amebae, 
and the patient has been free of gastro-intestinal 
symptoms since. During treatment the low-grade 
fever subsided completely, and the arthritis 
began to regress steadily. The liver, at the last 
examination (December 15, 1960), had receded 
and was 5 cm beyond the costal margin. 

The last two patients had lived previously in 
the Middle East, had suffered from amebic’ in- 
fections and had been treated with emetine hy- 
drochloride, emetine bismuth iodide, Carbar- 
sone®, iodohydroxyquinoline and Vioform®. 
They reported that compound no. 1 was easily 
administered, very well tolerated, and had given 
them marked and rapid symptomatic relief. 
Both cases are being followed by weekly stool 
examinations. 


Toxicity of N,N'-bis(Dichloroacetyl) Diamines 


Acute oral toxicity in mice. The findings are 
summarized in Table 4. The acute oral toxicities 
of these compounds were determined by Hoppe 
and Duprey.‘ The compounds studied were 
suspended in 0.5% gum tragacanth, and a single 
dose was administered by stomach tube to Swiss 
mice (20 g average weight); the mice were sub- 
sequently observed for 7 days. The drugs were 
well tolerated at all dose levels from 2 up to 12 
g/kg. 


TABLE 4 





Acute oral toxicity of N,N’'-bis(dichloroacetyl)diamines 





Compound 


Chemical nam 
ni cal name 


| Acute toxic- | 


“iy mares | EDw + S.E. 





1 N, N’-bis(dichloroacetyl)-N , N’-bis(2-ethoxyethy]l)-1,4-xylylene- 


diamine 


2 N,N’-bis(dichloroacetyl)-N , N’-diethyl-1 ,4-xylylenediamine 
N, N’-bis(dibro moacetyl)-N , N’-diethyl-1,4-xylylenediamine 
2-chloro-N , N’-bis(dichloroacetyl)-N , N’-diethyl-1 ,4-xylylene- 


diamine 
diamine 
enediamine 
diamine 


cyclohexane 








2-chloro-N , N’-bis (dibromoacetyl)-N , N’-diethyl-1 ,4-xylylene- 
N, N’-bis(dichloroacetyl)-N , N’-diethy]-2,5-dimethyl-1 ,4-xylyl- 
N,N’-bis(dichloroacetyl)-N , N’-diethyl-1,10-decamethylene- 


N,N’-bis(dichloroacetyl)-N , N’-diethyl-1,4-bis(aminomethy])- 


0.10 
0.12 
0.09 
0.16 


0.21 
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TABLE 5 


In vivo antiamebic activity in Entamoeba criceti 
infection in hamsters 





EDso + S.E.t 
Mg/kg/day < 
4 days 


AEDs* 
| Mg/kg/day X 


Compound &, 
5 days 





Diiodohydroxyquin- | 235.0 
oline 
Glycobiarsol 
Carbarsone 
Chlortetracycline 
Oxytetracycline 18.8 
Chlorbetamide 13.8 
Entobext 8.1 
Mebinol§ 
1 


75.0 
45.0 
22.9 


2 
4 
8 








* AEDs) = approximate effective dose to clear 
50% of hamsters of E. criceti; calculated by 
Wright’s method. 

t EDso = effective dose to clear 50% of hamsters 
of EZ. criceti; calculated by Miller and Tainter’s 
method. 

t Entobex® (Ciba) = 
anthroline. 

§ Mebinol® (Carlo Erba) = N-(8-oxyethyl)- 
N - [p- phenoxy - (4- nitro) - benzyl]dichloroaceta - 
mide. 


5,6-quinone-4,7-phen- 


Subacute toxicity. Toxicity of members of this 
series was studied in male albino Sprague-Dawley 
rats by Coulston et al.* The compounds were ad- 
ministered by stomach tube as 1% gum traga- 
canth suspensions in dosages of 125, 250, and 
500 mg/kg. Ten rats were used for each dose 
level and every animal received a total of 18 
doses over a period of 21 days. A control group 
of 10 rats was given nonmedicated gum traga- 
canth solution. In each instance the compound 
had no significant effect on the appearance or 
behavior of the animals, on red or white blood 
cell counts, differential count, or hemoglobin 
concentration. The growth rate of rats receiving 
compound no. 2 was slightly retarded at a high 
dose (less than 20% inhibition at the 500 mg/kg 
level). The low toxicity of the compounds tested 
was confirmed by autopsy and histological exami- 
nation. 

Before administration to man, each compound 
was administered to monkeys for 5 consecutive 
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days at a dose level of 150 mg/kg/day to con- 
firm tolerance for primates. No changes were 
observed in appearance, behavior, body weight, 
or blood picture. 


DISCUSSION 


A large number of N ,N’-bis(dichloroacety])- 
diamines have been screened for antiamebic ac- 
tivity. Many of these compounds are extremely 
toxic to E. histolytica in vitro and several rank 
among the most active compounds ever reported. 
They are amebicidal in dilutions ranging from 1 
to 1 million to 1 to 50 million. Since bacteria 
associated with EF. histolytica grow freely in the 
presence of amebicidal concentrations of various 
compounds tested, the action on the amebae is 
presumed to be a direct one. No change in intes- 
tinal flora has been observed in medicated ani- 
mals; hence, undesirable changes in intestinal 
flora of patients would not be expected. 

The relative activities of the compounds stud- 
ied and activity of commonly used antiamebic 
drugs are compared in Table 5. 

The evidence at hand indicates that the N , N’- 
bis(dichloroacetyl)diamines possess biological 
properties of high activity and low toxicity which 
suggest that they may be highly effective in the 
treatment and prophylaxis of intestinal amebia- 
sis of man. Prophylactic regimens may be de- 
sirable in both mental and penal institutions 
where infection rates are high (20 to 70%), and 
also in communities or situations where amebiasis 
is a problem. 


SUMMARY 


The in vitro and in vivo amebicidal activities 
of eight new synthetic N , N’-bis(dichloroacetyl)- 
diamines are reported. These compounds are 
amebicidal in vitro against Entamoeba histolytica 
in concentrations of 1 part in 1 million to as low 
as 1 part in 50 million. In vivo amebicidal activ- 
ity was evaluated in hamsters spontaneously in- 
fected with Entamoeba criceti. The compounds 
discussed are highly amebicidal; their calculated 
ED values are in the range of 0.7 to 2.5 mg/ 
kg/day when given for 4 days. 
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The genesis of the anemia that accompanies 
hockworm infection has long been a matter of 
controversy. Clearly, loss of blood is important 
but there is lack of agreement concerning other 
factors that may be of paramount importance. 
Roche and his colleagues,’ using erythrocytes 
labeled with radioactive chromium (Cr), dem- 
onstrated that in human subjects infected with 
Ancylostoma duodenale and Necator americanus 
blood loss was an important cause of the anemia 
but was not necessarily the sole cause nor a 
sufficient cause for the low levels observed. These 
authors considered that deficiency of protein in 
the diet, excessive destruction of the red cells, 
and depression of the bone marrow might act as 
accessory causes. The effect of hookworm infec- 
tion on bone marrow function has been a topic 
of speculation since 1922.2 Several investigators 
have suspected that the worms elaborate a sub- 
stance that affects the hemopoietic response of 
infected individuals, thereby contributing to 
the anemia.*** Hahn and Offutt® in 1949 were 
the first to use radioactive iron to study red cell 
loss and regeneration in hookworm-infected dogs. 
The present study was undertaken to elucidate 
the possible effect, if any, of Ancylostoma cani- 
num infection upon erythropoiesis in dogs. 


MATERIALS AND METHODS 


Erythropoietic activity was determined by the 
use of radioactive tracer methods. When radio- 
active iron is given intravenously in trace dosage, 
it rapidly enters the plasma iron pool and is 
chemically indistinguishable from plasma iron 
in transport to the metabolic iron pool. The iron 
loss from the plasma is closely approximate to 
the iron uptake by the bone marrow, and hence 
the rate of removal of tracer iron from the 
plasma provides an index of the state of erythro- 
poietic activity.*:7 

Nineteen dogs were used in this study. Seven 

* Supported by grant E-2550 from the National 


Institute of Allergy and Infectious Diseases, Na- 
tional Institutes of Health, Public Health Service. 
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were reared in the laboratory, and ranged in 
weight from 3 to 10 kg; six of these were infected 
with A. caninum in doses ranging from 250 to 
3,000 larvae (group I). Twelve others were 
young stray mongrels, ranging in weight from 
7.0 to 11.2 kg; eight of these had natural hook- 
worm infections (group II). All the dogs were 
fed milk and cooked ground beef and liver mixed 
with Purina Dog Chow daily, ad libitum. 

Of the dogs with experimental infections, one 
(no. 11) had an immature (10-day) infection at 
the time of the Fe study; all other experimen- 
tally infected animals had patent infections of 6 
to 10 weeks’ duration. Two (nos. 9 and 10) had 
been given four weekly doses of larvae to a total 
of 3,000 larvae (500 on the Ist and 8th days and 
1,000 on the 15th and 2ist days). Uninfected 
dogs (nos. 1 to 5) served as controls. 

The animals were anesthetized with Nem- 
butal® (Abbott Laboratories, North Chicago, 
Illinois) and both femoral veins were isolated. 
One vein was used for the injection of ®Fe, the 
other for the drawing of blood samples. The 
radioactive iron was obtained from Oakridge 
Institute of Nuclear Studies and contained 2.03 
millicuries of activity per gram of iron. It was 
diluted with a citric acid buffer solution and 
each milliliter of solution contained 20 ug Fe. The 
dosage administered was 0.1 ml (2 wg Fe) per 
kilogram of body weight. This is only a trace 
amount and does not affect the concentration of 
plasma iron in the dog. 

The plasma was separated from the blood and 
the radioactivity of the sample determined by 
direct counting in a_ well-type scintillation 
counter. The counts were plotted on semiloga- 
rithmic paper and the extrapolated concentration 
at zero time was used to determine the plasma 
volume. The mean venous hematocrit and plasma 
volume were used to compute total blood volume 
and red cell volume.® 

The rate of disappearance of the iron from the 
plasma was estimated by counting the radio- 
activity in plasma samples at 15-minute intervals 
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over a period of 90 minutes; the time required 
for 50% clearance (T34) was determined. The 
fraction of iron removed from the plasma per 
hour was determined by the method described 
by Huff et al.° 

Following these experiments, the incisions 
were closed with sterile sutures and the animals 
were given penicillin by intramuscular injection. 
It has been shown that when the radioactive 
iron enters the hemoglobin cycle, “‘tagged” red 
cells begin to appear in the circulation within 24 
hours, and the radioactive iron is then immo- 
bilized for the life of the red blood cell.* The 
amount of “Fe that appears in the circulating 
hemoglobin is a measure of effective red cell 
production and was estimated by counting whole 
blood samples at 48-hour intervals for 7 days. 


RESULTS 


The mean hematocrit for the control dogs was 
38.2% (range, 32.0 to 45.5). The hematocrits 
for animals in group I ranged from 32 to 42% 
and in group II, from 26.7 to 46.8% (Table 1). 
In the control group, the mean T}4 was 53 min- 
utes (range, 42 to 71 minutes), and the fraction 
of plasma iron removed per hour was 0.799 
(range, 0.566 to 0.990). The half times for ani- 
mals in group I ranged from 24 to 104 minutes 
and in group II, from 26 to 58 minutes. The 
ranges of fractions of plasma iron removed per 
hour for groups I and II were 0.400 to 1.730 and 
0.717 to 1.600, respectively (Table 1). 

The fraction of "Fe removed from the plasma 
was calculated and plotted as a function of time 
(Figure 1). In dog 11 of group I, the number of 
immature worms in the intestine was large 
(475) and there was much bleeding into the in- 
testinal lumen. Erythropoiesis was apparently 
depressed, as indicated by the prolonged T44 
(estimated 104 minutes) and the decreased frac- 
tion of plasma iron removed per hour (0.400). 
In dogs 7 and 8, the rate of disappearance of 
plasma iron was slower than the mean rate in 
the control animals; the T44 was lengthened and 
the fraction of plasma iron removed per hour was 
decreased. The hematocrits and the circulating 
cell and plasma volumes were of the same order 
as those of the control animals. Erythropoietic 
activity, although depressed, was still of an 
order that compensated for blood loss. In dogs 6 
(100 adult worms), 9 and 10 (repeatedly inocu- 
lated and having 300 and 325 adult worms, re- 
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TABLE 1 


Hemopoietic response of hookworm-infected 
dogs inoculated with **Fe 





Fraction H 
Worm TH Fe came 
burden} (minutes) | removed/ | ‘octit 


hour (%) 





Controls 
| 0.587 
0.784 
0.990 
0.770 
0.566 





Mean | 0.799 





Group I 
Experimentally 
infected 
6 
7 
8 
g* 
10* 
lit 





Group II 
Naturally 
infected 
50 42 
50 53 
125 39 
150 30 
250 58 
300 32 
300 26 
300 28 


0.990 
0.784 
1.070 
1.386 
0.717 
1.300 
1.600 
1.490 














SSSSa8SS8 
Ne VOM ww 





*One month after the last of a series of 4 
inoculations at intervals of 1 week. 

t+ Immature infection—10 days after inocula- 
tion. 


spectively), the rate of disappearance of plasma 
iron increased, the T14 shortened and the frac- 
tion of plasma iron removed per hour increased. 
The rapid removal of plasma iron in these dogs 
indicated that erythropoiesis was stimulated. 
The hematocrits, whole blood volumes, and the 
volumes of circulating cells in these animals did 
not differ appreciably from the values obtained 
for the control animals (Tables 1 and 2). Stimu- 
lation of erythropoiesis without a change in the 
mass of circulating red cells implied loss or de- 
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Fic. 1. Time courses showing disappearance of radioactive iron from the plasma of dogs 
natural and experimental infections with Ancylostoma caninum. 


struction of red cells of a degree within the com- 
pensatory capacity of the bone marrow. The 
values for the naturally infected animals (group 
II) followed the latter pattern: erythropoiesis 
was either stimulated or within normal limits. 

Blood samples were taken from the dogs at 
48-hour intervals following the injection of Fe 
to determine the uptake of iron by the red cells. 
“Specific activities” were determined, being the 
counts per second of radioactive iron per mg of 
total iron in the red cells. The specific activities 
tended to reach a peak at 4 days and to decline 
at 6 days in four of the animals. It has been 
found that normally the specific activity of the 
red cells rises and then tends to level off.* The 
rapid fall observed in these dogs with the excep- 
tion of nos. 9 and 10 indicated losses of cells by a 
process other than aging (Table 3). Owing to the 
preliminary nature of this study and the small 
number of animals studied, no real conclusion 
can be drawn. Further work is in progress to 
pursue these observations. 


DISCUSSION 

Wasserman et al.’ studied the disappearance 
from the plasma of radioactive iron injected in- 
travenously. The iron was cleared in an expo- 
nential manner and the time required for 50% 
clearance in normal individuals was compared 
with that in patients suffering from disorders of 
erythropoiesis. The authors considered the rate 
of disappearance of iron from the plasma to be 
dependent upon the uptake of iron by separate 
end organs, principally the erythropoietic tissue. 
In the blood dyscrasias in which production of 
red cells or hemoglobin synthesis was grossly 
impaired, iron left the plasma at a very slow rate. 
On the other hand, in marrow hyperplasia in 
which most of the iron became incorporated into 
the hemoglobin, the rate of disappearance was 
dependent in the main upon erythropoiesis and 
the clearance of iron from the plasma occurred 
rapidly. They concluded that the turnover of 
plasma iron as measured by the radioactive iron 
method provided a reliable index of the rate of 
erythropoiesis in the body. 
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TABLE 2 
Whole blood, plasma and cell volumes in dogs 
infected with hookworms and injected 
with **Fe 
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TABLE 3 
Counts per second of **Fe per milligram of chemical 
iron in the red cells of dogs during the week 
following intravenous injection 





| 
No . 
: Whole 
er oes | blood vol. 
e (ml)* 


Plasma | Cell vol. 
| | vol. (ml)*| (ml)* 
| autopsy | | 





| 
Controls 


w 
T 
Sim 





oe 
~I 


10 
11f 


& SARRS: 
Om P51 


oO 


Mean 


Range 82-154 | 


cs 
re 
© 
a 





Group II 
12 125.9 
86.6 
59.2 | 
74.4 | 
119.4 | 
70.2 | 
74.6 | 
| 


_ - Pw 
Smo vs 
Qoantnoornsl 





a 
a ars 


74.5 








= 


to 


| 85.6 
| 59-126 
{ 


~ 
? 
~I 
rs 


Range 





* Expressed as per cent of body weight. 
t Immature (10 days). 


In this study, nine dogs with A. caninum in- 
fections demonstrated erythropoietic activity 
comparable with that found in hemolytic and 
iron deficiency anemias; the rate of disappearance 
of iron was more rapid than in the uninfected 
animals. In three infected animals, the disap- 
pearance of ®Fe was delayed to the limit of the 
normal range. Erythropoiesis was within the 
normal range and the hematocrits and plasma 
and whole blood volumes did not differ apprecia- 


Counts/sec/mg chemical iron in red cells 





a 
| 


Dog No. | 


no. worms) Days after intravenous injection of Fe 





| . 
| | 1 2 5 6 


271 
236 
237 
553 


5 | 
6 | 
| 
8 


9* 299 485 
10* 303 626 


1lf | 475 36 146 


























* With repeated infections. 
ft With immature (10-day) infection. 


bly from those of the control animals. Scott!® 
found that experimental dogs frequently did not 
demonstrate the anemia so commonly found in 
man and that they were able to compensate for 
the blood lost as a result of infection if their 
diets were adequate. The experimental animals 
were fed a diet high in protein in order to elimi- 
nate the effect of a dietary deficiency so fre- 
quently cited as an important factor in the 
genesis of hookworm anemia.!:?-3 Tasker,!* 
Foy and Kondi'* and numerous others have 
stated that the continuous blood loss due to 
hookworm infection might not necessarily lead 
to anemia if an individual had an adequate diet 
and the iron intake was sufficient to balance the 
losses. Our data support these observations. Even 
in the animal in which erythropoiesis was mini- 
mal there was no gross anemia. 

It was noted that the most severe depression 
of erythropoiesis occurred in one dog with a 
heavy but immature infection. Whether or not 
there is a real difference between the marrow 
response to prepatent and patent infections is a 
matter of interest and further studies to clarify 
this are underway. 

The effects of anesthesia upon the blood vol- 
umes reported here were not determined. The 
values for blood and plasma volumes in this 
study were calculated from blood samples ob- 
tained while the animals were under Nembutal 
anesthesia and this may account for some in- 
consistencies noted in the pattern of blood vol- 
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umes. Hallett ef al.5 in a study estimating 
hepatic blood flow noted the effects of penta- 
barbital anesthesia and found elevations in 
hepatic blood flow volume in dogs under anes- 
thesia. There was also a tremendous engorge- 
ment of the spleen under anesthesia which, they 
suggested, might have contributed to inaccura- 
cies in the estimated flow volume. 


SUMMARY 


Radioactive tracer technics were used to study 
erythropoietic activity in dogs infected with 
Ancylostoma caninum. Uninfected animals served 
as controls. The erythropoietic response of these 
dogs was evaluated by means of the rate of re- 
moval of ®Fe from the plasma and its incorpora- 
tion into the red blood cells. Results revealed 
that in infected animals erythropoiesis was either 
stimulated or remained within the upper limits 
of normal with the exception of one animal. 
Under the conditions of these experiments, there 
was no depression of bone marrow activity. 
Erythropoietic activity was stimulated to a de- 
gree that compensated for the blood loss due to 
the hookworms. Red cells were being lost from 
the infected animals by a process other than 
aging, but none of the animals became grossly 
anemic. The validity of this method of studying 
the causes of the anemia associated with hook- 
worm infections is discussed. 


ACKNOWLEDGMENTS 


Grateful acknowledgment is made to Dr. Paul 
C. Beaver, Division of Parasitology, and to Dr. 
John Hampton, Department of Physiology, 
Tulane University, for advice and encourage- 
ment. 


REFERENCES 


1. Rocue, M., Perez-Gimenez, M. E., Layrisse, 
M., AND D1 Prisco, E., 1957. Study of uri- 
nary and fecal excretion of radioactive 
chromium Cr in man. Its use in the meas- 


2. DE LAaNGEN, C. D 


. Tasker, P. W. G., 


. Foy, H., anp Konpt, 


urement of intestinal blood loss associated 
with hookworm infection. J. Clin. Invest., 
36: 1183-1192. 

22. The origin of anemia 
with ancylostomiasis. Rep. Dutch-India M. 
Civil Service, 4: 304-316. 


3. DE LaNnegEN, C. D., 1934. The origin of the 


anaemia in ankylostomiasis. Mededeel. 
Dienst Volksgezondheid Nederl.-Indié, 23 
(parts 2-3): 135-157. 


. Hara, K., 1956. Liver function in experi- 


mental ancylostomiasis. Gunma J. M. Sc., 
5: 173-189. 


. Haun, P. F., anp Orrutt, E. P., 1949. A 


method for the study of blood loss in hook- 
worm infestation. Science, 110: 711-713. 


». Hurr, R. L., Etmincer, P. J., Garcia, J. F., 


Opa, J. M., Cockretu, M. C., ann Law- 
RENCE, J. H., 1951. Ferrokinetics in normal 
persons and in patients having various 
erythropoietic disorders. J. Clin. Invest., 
30: 1512-1526. 


. WasserMAN, L., Rasuxorr, I., Leavitt, D., 


Mayer, J., AND Port, S., 1952. Rate of re- 
moval of radioactive iron from the plasma— 
an index of erythropoiesis. J. Clin. Invest., 
31: 32-39. 

1959. Ferrokinetics and 
iron utilization in malnutrition. Tr. Roy. 
Soc. Trop. Med. & Hyg., 583: 467-474. 


. Hurr, R. L., Hennessy, T.G., Austin, R. E., 


Garcia, J. F., Roperts, B. M., anp Law- 
RENCE, J. H., 1950. Plasma and red cell iron 
turnover in normal subjects and in patients 
having various hemopoietic disorders. J. 
Clin. Invest., 29: 1041-1042. 


. Scort, J. A., 1930. The biology of hookworms 


in their hosts. Quart. Rev. Biol., 5: 79-97. 


. Foster, A. O., anp LANDSBERG, J. W., 1934. 


The nature and cause of hookworm anemia. 
Am. J. Hyg., 20: 259-290. 


2. Houmgs, E. G., Darke, 8. J., Foy, H., Konp1, 


A., AnD Austin, W. H., 1958. Hookworm 
and anemia. Lancet, 2: 529. 


. Tasker, P. W. G., 1958. Studies of the nu- 


tritional anemias of Malaya. The influence 
of hookworm infection. M. J. Malaya, 18: 
1-6. 

A., 1960. Hookworms in 
the aetiology of tropical iron deficiency 
anaemia. Radio-isotope studies. Tr. Roy. 
Soc. Trop. Med. & Hyg., 54: 419-433. 


- HALLETT, E. B., Hotton, G. W., PATERson, 


J.C. §., AND ScHILLING, J. A., 1952. Liver 
blood flow, hepatic glucose production, and 
splanchnic oxygen consumption in normal 
dogs and following Eck fistula. Liver blood 
flow before and after splenectomy. Surg. 
Gynec. & Obst., 95: 401-406. 





SEROLOGICAL STUDIES OF EXPERIMENTAL GNATHOSTOMIASIS* 


SOMPONE PUNYAGUPTA anp GUILLERMO PACHECO 


Department of Tropical Medicine and Public Health, Tulane University 
School of Medicine, New Orleans, Louisiana 


Infection of human beings with nematodes 
belonging to the genus Gnathostoma, usually 
characterized by migratory subcutaneous swell- 
ings and eosinophilic leukocytosis, has been 
reported from China,!* India,*? Malaya,’° 
Indochina,!: " Indonesia," the Philippines," ™ 
Burma" and Palestine.!* In Thailand and in some 
regions of Japan gnathostomiasis constitutes a 
public health problem of considerable propor- 
tions.!7-19 

The migration of gnathostomes is not, however, 
confined to the subcutaneous tissues. At times 
when migration occurs close to the surface of the 
skin the serpiginous lesions of cutaneous larva 
migrans are seen.!:2° In a few cases abscess 
formation has been reported.®: * There are also 
reports of the migration of this worm in the 
eye,?: 7, 15, 16, 18, 21, 22 lungs,!: 23, 24 pleura,?5- 26 
intestine,“ * brain and meninges.!* 18, %, 28, 29 
These reports of visceral involvement, as well as 
experimental studies in rabbits by Japanese 
workers,” indicate that visceral gnathostomiasis 
is difficult to detect and may therefore be much 
more common than presently thought. Although 
intradermal tests using aqueous extracts of 
gnathostomes have been used extensively,” 29 
lack of specificity as well as long duration of 
positive response makes this type of test unsatis- 
factory. To date the only application of serologi- 
cal techniques to the diagnosis of gnathostomiasis 
has been made by Furuno in experimental infec- 
tions of rabbits and in a few human cases.™ 

The morphological and biological similarity 
between Gnathostoma procyonis and G. spini- 
gerum, demonstrated by Ash,® suggested that the 
former might be used to infect experimental 
animals and create a condition similar to that of 
human gnathostomiasis. In this manner it might 
be possible to study serologic changes as they 
occur throughout a definite period of infection; 

* Supported by grants E-2550 and E-1159 from 
the National Institute of Allergy and Infectious 


Diseases, National Institutes of Health, U. S. 
Public Health Service. 


515 


simultaneously the sensitivity and specificity of 
various extracts and tests might be evaluated to 
develop better serodiagnostic procedures. 


MATERIALS AND METHODS 


Adult G. procyonis were collected from stomach 
nodules of raccoons (Procyon lotor) from south- 
eastern Louisiana, washed in many changes of 
distilled water and rinsed in PBS (phosphate 
buffered saline 0.15 M, pH 7.2-7.3).4 The worms 
were then divided into two groups, one of which 
was frozen at —70°C, lyophilized and stored in 
vacuo at —20°C; the second group was frozen 
at —20°C and stored at this temperature. 

Third-stage larvae of G. procyonis were dis- 
sected from the skeletal muscles of water moc- 
casins (Agkistrodon piscivorus), removed from 
their cysts, rinsed in several changes of PBS, 
frozen at —70°C, lyophilized in ampules and 
stored at —20°C. Larvae for infections were used 
immediately after being removed from their 
cysts or as soon as the cysts were dissected from 
the muscle. 

Rabbits, weighing approximately 2 kg, were 
infected with third-stage G. procyonis larvae by 
gavage and by subcutaneous implantation. Fifty 
larvae were given per os to each of 2 rabbits, 20 
larvae to each of 4 rabbits, 5 to each of 6 rabbits 
and 1 to each of 4 rabbits. These last 4 rabbits 
were reinfected after 14 weeks with 1 larva each. 
Twenty larvae were implanted subcutaneously 
in the back of one rabbit and 5 in the back of a 
second rabbit. 

A 1.5-ml suspension of 6 mg of lyophilized 
adult whole worm PBS extract in Freund’s 
(complete) adjuvant (Difco) was injected subcu- 
taneously into each of 4 rabbits once a week for 
2 weeks. 

Prior to infection blood was obtained from each 
of the rabbits by cardiac puncture; after infec- 
tion the rabbits were bled once a week from the 
marginal ear vein by an aseptic technique. Sera 
were stored in sterile vials at —20°C and heated 
to 56°C for 30 minutes before use. 
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To check cross-reactivity of the worm extracts 
which had been prepared, sera from the follow- 
ing were used: 3 rabbits infected with Tozxocara 
canis larvae, 2 rabbits infected with Ascaris 
lumbricoides larvae, 4 cats infected with Brugia 
pahangi adults, 2 dogs infected with Dirojfilaria 
immitis larvae, 3 humans diagnosed clinically as 
having visceral larva migrans, 2 persons with a 
diagnosis of tropical pulmonary eosinophilia and 
2 persons with Clonorchis sinensis. All of these 
sera were found to have antibody titers of 1:5,120 
or over when tested against a homologous worm 
extract in the indirect tanned-cell hemagglutina- 
tion (IHA) test. Sera from 2 humans infected 
with Necator americanus, 2 with Schistosoma 
mansoni, 2 with S. haematobium, 1 with S. 
japonicum, 1 with Paragonimus westermani and 
10 with syphilis also were tested. The homologous 
antibody titers of this second group of sera were 
not known. 


Preparation of Worm Extracts 


Adult worms. An adult whole worm PBS ex- 
tract was prepared by homogenizing 26 lyo- 
philized male and female G. procyonis, weighing 
approximately 250 mg, with 100 mi PBS in a 
Waring Blendor (5 minutes, 5°C). The resulting 
particles were reduced further in size with a 
tissue grinder at 5 to 10°C after which the suspen- 
sion was placed in a refrigerator (5°C), stirred 
slowly with a magnetic stirrer for approximately 
18 hours and then centrifuged (850 X G, 30 
minutes). Part of the supernatant fluid was used 
as a base for other preparations; the remainder 
was lyophilized. 

A mixture of 60 ml of adult whole worm PBS 
extract and an equal volume of cold (—20°C) 
95% ethanol was kept at 5°C for approximately 4 
hours and then centrifuged at 850 X G for 30 
minutes. The precipitate was suspended in 10 ml] 
of PBS with the aid of a tissue grinder and re- 
centrifuged as above. The resulting supernatant 
fluid was lyophilized and the precipitate dis- 
carded. 

The method outlined by Melcher** was used to 
prepare an acid-soluble protein fraction from 21 
adult male and female worms weighing approxi- 
mately 200 mg, in the dry state. 

Larvae. Acid-soluble and acid-insoluble protein 
fractions were prepared from larvae according to 
Melcher’s procedure.*® 

Ascarid extracts. Extracts of A. lumbricoides 


and of T. canis used for cross-reactivity tests 
were prepared according to the procedure out- 
lined by Jung and Pacheco.** 


Chemical Evaluation of Worm Extracts 


Qualitative biuret tests were performed on all 
of the worm extracts according to standard proce- 
dures.” Nitrogen content of all biuret-positive 
extracts was estimated by a micro-Kjeldahl 
technique.® Results obtained by this procedure 
were equated with the results obtained with a 
Folin-Ciocalteau test;* the latter test was then 
used for routine estimations of the nitrogen con- 
tent of extracts prepared in a similar manner. 
Carbohydrate content of all of the samples was 
estimated quantitatively by a standard anthrone 
procedure.*® 


Serological Tests 


Kagan’s modification” of the Boyden“ proce- 
dure for the [HA test was followed. Scoring of 
the test was based on cell sedimentation patterns 
according to the method of Salk.” All extracts 
were titrated against known positive sera to 
determine the optimum concentration for use in 
the test. Routinely the optimum concentration 
was regarded as the one which gave rise to meas- 
urable, reproducible antibody titers in positive 
sera and to negative patterns with normal sera 
as well as with the diluent used. 

Preer’s® technique for agar diffusion was used, 
in which the minimum number of reacting anti- 
gen-antibody systems was estimated by block 
titrations of sera and worm extracts. 


RESULTS 


Two rabbits, each infected during preliminary 
studies with 50 larvae, lived only 15 days after 
onset of infection. At necropsy a massive intra- 
peritoneal hemorrhage was found and a few non- 
encysted larvae were recovered from muscle. 
Because these rabbits died so soon after being 
infected it was not possible to collect blood from 
them for serological studies. 

One of the rabbits infected per os with 20 
larvae died 65 days later. Of six rabbits infected 
with 5 larvae each, three died after 4, 5 and 122 
days, respectively. The first two were not con- 
sidered in this study, but data from the last one 
(R11) were used. All four of the above deaths 
were associated with a massive intraperitoneal 
hemorrhage. No deaths occurred among rabbits 
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infected per os with 1 larva each or among those 
infected by implanting larvae. 

Use of the IHA test. All of the adult worm 
extracts used in the IHA test produced non- 
specific reactions when used in high concentra- 
tions (>100 ug N/ml), and in low concentrations 
(10 wg N/ml, or less) did not elicit reactions. 
However, it was found that an acid-soluble pro- 
tein extract*® of third-stage infective larvae was 
satisfactory. The optimal concentration of this 
extract was found to contain 10 ug N/ml. At this 
concentration no carbohydrate was detected by 
the anthrone method. 

In rabbits infected orally with 20 larvae anti- 
bodies were detected after 1 (R4), 2 (R3, R9) 
and 5 (R10) weeks of infection (Figure 1). In all 
cases the antibody titers increased rapidly; sera 
from 3 (R3, R4, R10) of the 4 rabbits had titers 
over 1:10,000 five weeks after antibodies were 
first observed. Antibody titers in sera from the 
fourth rabbit (R9) remained at 1:2,560 (log 1/ 
titer = 3.4) throughout the period of observation 
with variations of one 2-fold serum dilution. 
After the highest level of antibody had been 
reached, titers were remarkably stable. From 
one week to the next, there was a maximum 
variation of two 2-fold dilutions of serum. 

In the group of rabbits infected with 5 larvae 
each, antibodies were first detected after 2 (R11, 
R13) and 3 (R5, R14) weeks of infection (Figure 
2). Peak antibody titers were observed 10 (R13), 
11 (R14), 12 (R5) and 13 (R11) weeks after 
infection. These titers were maintained through- 
out the remainder of the period of observation 
with variations of one, or at most two, doubling 
dilutions of serum. 

A comparison of serum antibody titers in the 
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Fig. 1. Log 1/titer obtained from tanned-cell 
indirect hemagglutination tests of rabbit sera col- 
lected weekly during 45 weeks from 4 rabbits (R3, 
R4, R9, R10) which had been infected orally with 
20 third-stage larvae of Gnathostoma procyonis. 
The sera were tested against an acid-soluble ex- 
tract of third-stage larvae of the same parasite. 
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Fig. 2. Log 1/titer obtained from tanned-cell 
indirect hemagglutination tests of rabbit sera col- 
lected weekly during 45 weeks from 4 rabbits (R5, 
Rli, R13, R14) which had been infected orally 
with 5 third-stage larvae of Gnathostoma procyonis. 
The sera were tested against an acid-soluble ex- 
tract of third-stage larvae of the same parasite. 
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Fig. 3. Log 1/titer obtained from tanned-cell 
indirect hemagglutination tests of rabbit sera col- 
lected during 40 weeks from 4 rabbits (R15, R16, 
R17, R18) which had been infected orally with 1 
third-stage larva of Gnathostoma procyonis. The 
sera were tested against an acid-soluble extract of 
the same parasite. 


above groups of rabbits, from the 10th week on, 
shows a statistically significant difference in the 
means (x5; = 3.765, based on 65 observations, 
and X29 = 4.014, based on 44 observations; t = 
4.13 on 107 degrees of freedom, p < 0.001). 

In rabbits infected with one larva each, anti- 
body titers were first detected after 3, 4 and 6 
weeks of infection (Figure 3). Antibody titers 
increased gradually to a maximum of 1:2,560 
(R16) after 13 weeks. All of the rabbits in this 
group were reinfected with one larva each on the 
14th week. After this, two of the rabbits (R17, 
R18) showed an increase in antibody titers. 
However, no increase was detected in sera from 
the other two rabbits. Except for the increase 
mentioned above, no changes beyond one or two 
doubling dilutions were noted throughout the 
rest of the observation period. The mean serum 
antibody titer for this group of rabbits was found 
to be 1:640 (log 1/titer = 2.8; S.E. = 0.1). 

Of the rabbits infected by implanting larvae 
subcutaneously, R8, infected with 20 larvae, 
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Fig. 4. Log 1/titer obtained from tanned-cell 
indirect hemagglutination tests of rabbit sera col- 
lected weekly over a period of 35 weeks from 2 rab- 
bits infected subcutaneously with 20 (R8) and 5 
(R7) third-stage larvae of Gnathostoma procyonis. 
The sera were tested against an acid-soluble ex- 
tract of the same parasite. 


was found to have an antibody titer of 1:80 
during the 2nd week of infection (Figure 4). The 
antibody titer in this rabbit increased gradually 
and reached a maximum of 1:40,960 on the 15th 
week of infection. This high titer was main- 
tained for only 3 weeks, after which it was found 
to decrease; by week 43 it was 1:640. The second 
rabbit (R7), infected with 5 larvae, was found 
to have an antibody titer of 1:320 on the 4th 
week of infection. This titer increased slowly and 
reached 1:81,920 on week 22. The high antibody 
titer shown by this rabbit was maintained with 
maximal variations of 1 dilution for 13 weeks, 
after which it was found to decrease; by the 43rd 
week it was found to be 1:1,280. 

Four rabbits immunized by injecting adult 
whole worm extract in Freund’s adjuvant were 
first found to have antibodies in their sera on 
weeks 2 and 3 after injection. Antibody titers 
increased in all of the immunized rabbits, reach- 
ing peaks of 1:2,560 to 1:5,120 at approximately 
the 10th week after the second injection. These 
titers were maintained throughout the period 
of observation. 

Most of the antibody titers observed in heter- 
ologous sera, when tested with larval Gnathostoma 
extracts, below 1:100. One anti-Ascaris 
rabbit serum and one serum from a human case 
of tropical eosinophilia were found to have titers 
over 1:5,120. None of the sera from humans or 
animals infected with trematodes (S. mansoni, S. 
haematobium, S. japonicum, P. westermani, C. 
sinensis) or from patients with syphilis showed a 
reaction with the larval gnathostome extract. 

Thirty-one anti-gnathostome sera from 5 
rabbits, which had shown antibody titers ranging 
from 1:80 to 1:20,240 against homologous ex- 
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tracts, produced no reaction when tested against 
extracts of A. lumbricoides or of T. canis. 

Precipitation in agar gels. Block titrations of 
antigen and of serum from 3 rabbits demonstrated 
that the minimum number of antigen-antibody 
systems present was eleven. By this system it 
could be shown that two of the bands in the 
homologous system were also present in reactions 
with anti-Ascaris, anti-Toxocara, and with serum 
from a case of tropical eosinophilia. Thus at 
least four antigen-antibody systems are common 
to these ascarids and spirurids. 

DISCUSSION 

The mechanical damage produced by larvae of 
G. procyonis during their migratory phase, which 
may continue at least as long as 5 months, is 
similar in every way to what has been reported 
for G. spinigerum. Deaths in all cases were asso- 
ciated with mechanical injury of abdominal blood 
vessels. Larvae, when recovered from rabbits 
dying of the infection, were always found lying 
unencapsulated in the muscles of the experi- 
mental animal. However, very few larvae were 
recovered because of the small size of the worms 
and their location in a comparatively large host. 

It was surprising that none of the adult worm 
extracts that were used in the IHA test produced 
a reaction, as Furuno” had reported the success- 
ful use of saline extracts of adult worms in a 
precipitin test. However, it was possible to con- 
firm the above author’s results in an indirect 
manner since bands of precipitation were ob- 
served in the gel diffusion tests. In the IHA test 
the larval acid-soluble protein fraction was found 
to be quite useful and specific in its reactions. In 
all but three cases the cross-reactivity titers 
noted were sufficiently low so that there was no 
problem in differentiating the infections. 

The statistically significant difference found 
between mean antibody titers of rabbits infected 
with 20 larvae and of those infected with 5 larvae 
strongly suggests that the total amount of anti- 
body and the rate of production are directly 
related to the number of infecting larvae. This 
point is emphasized by the obvious difference in 
antibody levels between rabbits infected with 1 
larva and those infected with 20 or 5 larvae. 
However, in the case of the infections produced 
by introducing larvae subcutaneously, no rela- 
tionship was observed between size of inoculation 
and maximum titer. 
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Within each group of rabbits the rate of anti- 
body production was also found to be remarkably 
constant and variations in antibody titers 
throughout the course of the infection were slight. 
It should be noted, however, that toward the 
end of the period of observation the antibody 
titers tended to decrease. This is in accord with 
the observations made by Furuno® as well as with 
observations that have been made in visceral 
larva migrans.* 

“The demonstration of 11 antigen-antibody 
systems by the Preer technique® seems note- 
worthy, as the extract tested was the acid-soluble 
protein fraction in which carbohydrate could not 
be detected in the concentration used. It is also 
of interest that although gnathostome extracts 
reacted with heterologous sera, no reaction could 
be elicited from anti-gnathostome sera by ex- 
tracts of A. lumbricoides or of T. canis. 

Tests of larval gnathostome extracts against 
sera from humans or animals not infected with 
gnathostomes showed that only one rabbit anti- 
Ascaris serum and one serum from a case of 
tropical eosinophilia cross-reacted with high 
titers—this, despite the fact that all of these sera 
had high titers against the homologous worm 
extracts. The cross-reactivity tests with sera 
from humans or animals infected with hookworm 
or trematodes are more difficult to evaluate since 
it is not known how these sera reacted when 
tested against homologous extracts. 

The infection produced by G. procyonis in a 
nondefinitive host such as the rabbit seems to 
indicate that, if man entered the life cycle of this 
worm, manifestations similar to those produced 
by G. spinigerum might be expected. The indi- 
rect hemagglutination test using an acid-soluble 
larval extract would be useful in detecting infec- 
tions of man or animals. 


SUMMARY 


Rabbits infected orally with 20, 5 and 1 third- 
stage larvae of Gnathostoma procyonis were bled 
weekly for a period of 11 months. The sera that 
were collected were tested by an indirect tanned- 
cell hemagglutination test with 5 extracts of 
adult worms and 2 of larvae. The adult worm 
extracts were found to be either nonreactive or 
nonspecific in their reaction. An acid-insoluble 
extract of larvae was also found to be nonreac- 
tive, whereas the acid-soluble fraction of the 
same preparation was found to be a sensitive, as 


519 


well as specific, substance. The time interval 
between infection and the first detection of anti- 
bodies, the rate of antibody production and the 
maximum antibody titer noted were found to 
depend on the size of the inoculum. In all of the 
infections high titers were found to persist 
throughout the observation period. In two rab- 
bits infected by placing larvae subcutaneously, 
the antibody response and the titer maxima did 
not correspond to the infecting dose. Sera from 
humans infected with schistosomes, hookworms 
and Ascaris did not cross-react with the acid- 
soluble larval extract. Similarly, no cross-reaction 
was noted with sera from animals infected with 
filariae, Clonorchis or Paragonimus. However, 
cross-reactivity was noted with sera from rabbits 
infected with Ascaris or Toxocara as well as with 
sera from human cases of tropical eosinophilia 
and visceral larva migrans. Conversely, no reac- 
tion was noted when sera from hosts with any of 
the above heterologous infections were tested 
with gnathostome extracts. The results of the 
infections seem to confirm the similarity between 
Gnathostoma spinigerum and G. procyonis. 
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TRICHLOROPHENOL PIPERAZINE SALT IN THE TREATMENT OF 
INTESTINAL HELMINTHIC INFECTIONS IN ETHIOPIA 


EDWARD D. WAGNER 
Department of Microbiology, Loma Linda University, Loma Linda, California 


Systematic research directed toward creating 
new anthelminthics has led to the synthesis of 
the crystalline piperazine salt of 2,4,5-trichloro- 
phenol, demonstration of its potential merit in 
laboratory animals as an intestinal vermifuge, 
and characterization of its toxicologic properties 
in animals as well as in man.* The foregoing 
studies showed that the phenolic moiety alone 
is a potent anthelminthic and is the dominant 
therapeutic agent comprising approximately 
four-fifths of the salt molecule. 

The spectrum of anthelminthic activity of the 
salt in animals included relatively strong effect 
against roundworms and hookworms and moder- 
ate effect against whipworms, trichostrongiles, 
and pinworms. Toxicologic studies indicated 
that, except for a strong contact irritation of 
the oral mucosa, the only side effect even with 
relatively large doses might be irritation of the 
gastrointestinal mucosa. As far as is known, no 
previous data on the anthelminthic properties 
of this drug in man have been published. 


METHODS 


The clinical evaluation of the drug was carried 
out at the Empress Zauditu Memorial Hospital 
in Addis Ababa, Ethiopia, during the period 
March through June, 1959. Fifty-two persons 
were treated with this drug and followed for 
post-therapy evaluations. The total number of 
cases treated, when the individual worm infec- 
tions are considered separately, was 85. There 
were 5 triple and 18 double infections. Most of 
the patients treated were Ethiopians; a few were 
Europeans and Americans. 

Pre-treatment stool examinations were made 
by direct wet smear, and the follow-up examina- 
tions were made by this method and by the 
Merthiolate®-iodine-formalin-ether  concentra- 
tion technique modified from the Sapero- 
Lawless! MIF method as described in a work 
sheet prepared by the Naval Medical Research 
Unit No. 3 of Cairo, Egypt. 

* Research Division of Parke, Davis & Com- 
pany, Ann Arbor, Michigan. 
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The drug was given orally as sugar coated 
tablets containing 250 mg of drug in single doses, 
or as divided daily doses for 1 to 5 days. For 
children the dosages were reduced according to 
size. The usual total dosage was 6 to 9 grams, 
given in 1.5-gram doses twice daily for 3 days. 

Follow-ups included examination of a series 
of three stools during the week following the end 
of treatment and, where possible, monthly repeti- 
tions of these examinations until the project 
terminated. 


RESULTS 


Of 8 hookworm, 23 Ascaris and 14 Strongy- 
loides cases treated, 87.5%, 87%, and 50%, re- 
spectively, were found to be negative for ova or 
larvae through the follow-up period. Patients 
with hookworm were followed for 4 to 33 days 
(average 16) and examined 2 to 6 times (average 
3.4 examinations) after termination of treat- 
ment; those with Ascaris were followed for 4 to 
61 days (average 16) and examined 1 to 6 times 
(average 3.4); those with Strongyloides were fol- 
lowed for 3 to 48 days (average 17 days) and 
examined 2 to 5 times (average 3.7). The results 
of treatment for hookworm, Ascaris and Strongy- 
loides are shown in Table 1. 

On a dosage of 1.5 grams per day for 6 days 
given for pinworms, 5 of 6 cases were negative 
for ova (cellulose tape swab method). 

Trichuris trichiura was not highly susceptible 
to the drug in dosage levels ranging from 3 
grams to 12 grams, since of 26 cases treated 
only 6 (23%) were still negative for ova at the 
end of the post-therapy examinations; 4 of the 
6 had received a total of 3.5, 9, 12, and 16 grams 
during 2 to 4 days. Only 2 of 8 individuals with 
Hymenolepis nana were negative following ther- 
apy with 3 to 12 grams of the drug. The two 
successfully treated cases were in children re- 
ceiving 3 and 9 grams, each for 3 days. 


DISCUSSION 


Trichlorophenol piperazine salt, given orally 
in sugar coated tablets at various dosages, was 
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TABLE 1 


Results of treatment with trichlorophenol piperazine 
salt for hookworm, Ascaris and Strongyloides 
infections 
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found to be effective against hookworm and 
Ascaris infections. The average total dosage for 
each patient was 7.6 grams for the hookworm 
infections and 5.6 grams for the Ascaris infec- 
tions. The hookworm failures were in patients 
receiving a total of 3 grams each as a single dose; 
the Ascaris failures, in those receiving a total of 
3 or 3.5 grams. As there were no side effects 
noted in these patients, it would appear that a 
drug level in the area of 3 grams per day in 
divided doses for 3 or 4 days would be adequate 
to effect cures for Ascaris and hookworm infec- 
tions. Since no quantitative studies were made to 


determine worm burden reduction, it is not 
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known how effective this drug was in this respect 
in those cases which were considered failures. 

Although the drug was 83% effective in elimi- 
nating pinworm infections, another drug, pyr- 
vinium pamoate (Povan®, Parke, Davis & 
Company), has been found to be much more 
effective against this parasite than has trichloro- 
phenol piperazine salt, and at much lower dosage 
given once. 

During this study, both pyrvinium pamoate 
(to be reported elsewhere) and trichlorophenol 
piperazine salt were used in treating Strongy- 
loides infections. A significantly higher percent- 
age of the cases treated with pyrvinium pamoate 
were negative for Strongyloides. 

Both Trichuris and H. nana were resistant to 
trichlorophenol piperazine salt when this drug 
was tested on the basis of complete parasitologi- 
cal cures. No quantitative methods were used to 
determine the percentage of egg reduction. 

This study supports the results obtained by 
Burnett and Wagner (to be published), which 
show by quantitative methods that trichloro- 
phenol piperazine salt is very effective against 
the hookworm-A scaris complex. 

SUMMARY 

Trichlorophenol piperazine salt was given 
orally in tablet form to 53 persons with a total 
of 85 worm infections. The numbers of cases 
found negative on follow-up after treatment 
were: 7 of 8 with hookworm, 20 of 23 with 
Ascaris, 5 of 6 with Enterobius, 7 of 14 with 
Strongyloides, 6 of 26 with Trichuris and 2 of 8 
with Hymenolepis nana. No side effects were re- 
ported by the individuals treated. 
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ASPECTS OF SCHISTOSOMAL ENDEMICITY IN THREE 
PUERTO RICAN WATERSHEDS 
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PAUL C. WHITE, JR.§ anp FREDERICK F. FERGUSON || 


Technology Branch, Communicable Disease Center, Public Health Service, U. S. Department of Health, 
Education, and Welfare, San Juan, Puerto Rico, and the Bilharzia Control Unit, 
Department of Health, Commonwealth of Puerto Rico 


The natural history of schistosomiasis mansoni 
in the Caribbean islands is much less well known 
than the biology and control of the intermediate 
snail host Australorbis glabratus (Say) or the 
medical treatment of diseased people. This study 
is a modest inquiry into some epidemiologic 
factors which combine to maintain the disease in 
three relatively dissimilar Puerto Rican water- 
sheds: Bairoa, Dona Ana, and Sabana Llana. 

At trimonthly intervals during 1954 and 1955, 
eight surveys of helminthic infections were made 
in the three small Puerto Rican valleys. Examina- 
tions were made of single stools from 289 identi- 
fied children of both sexes. The children ranged 
in age from 1 through 16 years. Concerted efforts 
were made to test feces of the same individuals 
periodically. The sodium sulfate-Triton-ether- 
centrifugation method was used.! 

The children sampled had been reared in the 
three rural environments and were subject to 
several helminthiases of the dooryard variety in 
addition to schistosomiasis acquired by various 
contacts with stream water. Each valley had 
but one main stream. Schistosomiasis control 
had never been attempted in these watersheds. 

There were striking differences in the general 
prevalence of schistosomes in humans. The 
samples from Bairoa had a positive test range of 
63 to 77% during the quarterly study periods. 
This rate was much higher than those of the 
other two basins. Of persons available for all 
eight tests, 98% were positive at some testing 
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time in Bairoa. Correspondingly, 24% were 
positive in Sabana Llana, and 36% were positive 
in Dona Ana. Slightly higher rates of infection 
were obtained by two additional surveys, run 
only on persons negative at the time of the initial 
examination in March 1954.” 

As shown in Table 1, the prevalence of Schisto- 
soma, Ascaris, Trichocephalus, and Necator infec- 
tions within the three areas was relatively uni- 
form during the 2-year study period. Most 
probably, the Bairoa children in the age group of 
2 to 3 years were infected with Schistosoma 
mansoni from drinking and wash water carried 
to homes. Both preschool and school-age young- 
sters were represented in the youngest positive 
group in the other two barrios. In Bairoa, where 
both sexes must use the stream water indis- 
criminately, there was no significant difference in 
infection rates; but in the other watershed popu- 
lations this was not so. Following the local pat- 
tern, higher rates were found in males than in 
females. 

With respect to other helminthiases reported, 
some differences in prevalence might be explained. 
Consistently high ascariasis rates in Bairoa are a 
concomitance of the lowest socioeconomic, educa- 
tional, and health standards among the three 
valley populations. On one occasion each, Bairoa 
and Sabana Llana surveys revealed Tricho- 
cephalus infection rates of more than 90%, 
whereas the rates for Dona Ana were 93 to 98%. 
The reason for the higher prevalence in Dona 
Ana is unexplained. The prevalence of neca- 
toriasis in Bairoa was generally lower than in the 
other communities. This fact probably is corre- 
lated with dooryards that were relatively dry, 
since tap water was not available and had to be 
carried. 

During the study, the number of fecal collec- 
tions made dropped from 90 to 71 in Bairoa, from 
74 to 38 in Sabana Llana, and from 125 to 75 in 
Dona Ana. The decline in numbers of samples 
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TABLE 1 
Summary of tests of fecal samples of identified preschool and school children on a quarterly 
basis for helminth eggs in three endemic stream basins of Puerto Rico not 
under control for schistosomiasis, 1954 to 1965 
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Dec. 


Bairoa 


Total 





Mar. 
June 
Sept. 
Dec. 
Mar. 
June 
Sept. 


Dec. | 41 


Sabana 
Llana 


Total 407 


No. females 


Schistosoma | 


No. positive samples and (% of total) 
and (% CE ee os = 
Schistosoma ] 


; 
positive Ascaris |Trichocephalus | Necator 





| Schistosoma 

(65)| ) (17)| 74 

(66)) 4 63 
(77) 59 

56 (69) 69 

2 (73) 66 
(71) 21) 75 
(63) 7 70 
(70) 





(82) 
(88) 
(80) 
(84) 
(88 )| 
(94)| 
(85) 
(26 


3 (20) 
(6) 
(3) 
(3) 
(7) 
(14) 
(10) 

> (7) 


(69) (87) (9) 





(83) 
(92)| 
(88 )| 
(79)| 
(80) 
(81) 
(85)| 
36 (88)! 


(21) 
(20) 
(21) 
(23)| 
(16) 
(19) 


(9) 
(15) 


(9) 
(10) 
(10) 
5 (11) 
(10) 
(29) 
(9) 
(15) 


(14) 
(15) 
(9) | 
(13)| 
(19) 
(9) | 
(10)} 
(18) (12)| 


(85)| (13) 





Mar. 125 
June | 91 
Sept. 110 
Dec. 98 
Mar. 75 | 
June 92 
Sept. 79 
Dec. 83 | : 


Dona Ana 
(27) 
(42) 
(32) 


(23) 
(24) 


| Total | 753 | 2-17 (3) | 383 (30) 


(21) | 


(38) | 
(27) 


(24) 
(26) 
(37) 
§ (28) 
(29) 
(23) 
(19) 


(19)! 


(8) 

(20)| 

3 (23) 

(19)| 

(10)| 
(7) 

(9) | 
(16) 

| 


(93)| 
(94) 
(97)| 
(98) | 
(96); 4 
(97)} 4 
(96)| 13 
(95)' 10 


(20) 
(23) 
(19) 
(13) 
(5) 
(4) 
(16) 
(12) 
370 (22) | 198 (26)| 107 (14) 


(96)|} 111 (15) 





Grand total 1,797 | 1-17 (2) | 899 (40) 


(39) | 714 (39)| 277 





—— 
898 (90)| 222 (12) 


(15)| 1,620 





supplied is an index of the co-operation of water- 
shed residents and may be exemplified by an 
over-all drop from a beginning figure of 289 
samples to the lowest recorded figure of 184 
(36.4%). As no control or chemotherapy was 
promised or given, the willingness of test subjects 
to provide fresh fecal samples declined rapidly. It 
was by much effort and artful persuasion that the 
study was completed. During the last two sur- 
veys, it was necessary to visit some homes as 
many as six times in order to complete sampling. 


During the 2-year period, migration of subjects 
from the watersheds was an additional disrupting 
factor. 

At present, notable environmental changes are 
taking place in the study areas. In Bairoa, one- 
half of the families are now supplied with sanitary 
running water. In Sabana Llana, the intermediate 
host snail can no longer be found, owing to some 
environmental change. The Dona Ana com- 
munity has been replaced by a modern housing 
project. 
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Analysis of the specific ecologic differences in 
the three communities with reference to schisto- 
somal sanitation shows the importance of con- 
sidering each watershed as an entity. Bairoa was 
in a cane-growing valley, whose residents worked 
mostly at agriculture. School facilities were 
poor, and the sick obtained care at the local health 
unit in nearby Caguas. The general socioeconomic 
level was low. Most families of Sabana Llana 
were living near a paved road and in average 
lower middle class homes. Modern schools pro- 
vided adequate educational opportunities, and 
medical care was available at the nearby Rio 
Piedras Municipal Hospital. The socioeconomic 
level of the Sabana Llana group was above the 
average of the neighborhoods fringing the metro- 
politan complex of San Juan-Santurce-Rio 
Piedras. Families in the Dona Ana area lived in 
a meager way in a rural area just at the city 
limits of Rio Piedras. Schooling was poor, and 
again health care was available at the Rio Piedras 
Municipal Hospital. The socioeconomic level 
was intermediate between that of truly rural 
Bairoa and Sabana Llana. 

The families cited (Table 2) are those from 
which the fecal sample data in Table 1 were 
obtained. Bairoa families were the largest of the 
three groups. Traditionally, before the children 
reach the age of 16 years, they leave the rural 
area for metropolitan centers for increased oppor- 
tunities in employment and education. This may 
be the reason for the relatively low figure of 57.7% 
which represents those Bairoa family members 
under 16 years of age. In the comparable Dona 
Ana area, which is nearer the city, a higher figure 
of 63.3 % possibly reflects the tendency of children 
under 16 to remain with the family. It is thought 
that the lowest figure for this age group (49.5%), 
shown in Sabana Llana, reflects birth control in 
a middle class group. Migration may be ruled out 
for this study area. 

Because the Bairoa residents had no chlori- 
nated water available, they principally used 
stream water of potential infectiveness. In sharp 
contrast, all of the Sabana Llana premises were 
supplied with chlorinated water from private 
taps, and surface water was used rarely. The 
same was true for Dona Ana, except that 5 of the 
28 families used “spring”? water, which actually 
came from a hole dug at the side of the stream. 
The “spring” was reached by wading the stream 
during high waters. About two-thirds of Dona 
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Ana families had approved aqueduct water 
available largely from home taps, but the remain- 
ing premises had only untreated polluted surface 
water for general use. 

The term, household wastes, used in Table 2 
refers to the miscellaneous liquids and solids 
discharged over the dooryard or from a window 
or back door directly into a ditch cut for the 
purpose. In all but one-third of the homes, it was 
evident that an effort was made to concentrate 
and dispose of these wastes. In addition to the 
normal heavy average annual rainfall (Bairoa, 
62.8 inches; Sabana Llana, 74.5 inches; Dona 
Ana, 74.5 inches; average annual temperature 
for all three areas, 79°F), this habit, which main- 
tained a damp soil condition, promoted transmis- 
sion of dooryard helminthiases. 

The source of significant schistosomal pollu- 
tion of valley streams could not be definitely 
cited for these watersheds. Only a small per- 
centage of “sanitary” privies were leaking in such 
a way as to create a problem if the effluent 
reached the snail-containing streams. Sabana 
Llana, with the highest standard of living, in this 
regard had the worst condition. Probably no 
more than 6 privies in the Sabana Llana group 
contributed to snail infection by leaking fluids, 
and in the other two watersheds privies were 
located some distance from the streams and were 
unlikely sources of pollution. It is probable that 
Sabana Llana produced its own infection prob- 
lem, that the problem in Dona Ana was created 
by promiscuous streamside defecation, and that 
residents of Bairoa became infected as a result 
of a generalized snail infection pattern throughout 
the Rio Bairoa basin. Of course, Bairoa families 
contributed some streamside defecation, the 
effects of which might be reflected in infected 
snails at downstream points. 

Clothes washing facilities were important 
epidemiologically only to the degree that families 
were forced to use infested water for that purpose. 
In addition to the chronic infection established 
in mothers who routinely washed family clothing 
at streamside, children became infected while 
they indulged in water play and swimming. 
Clothes washing periods were not confined to 
Mondays and served as an acceptable weekday 
social function as well. An above average desire 
for personal cleanliness, as expressed by seem- 
ingly incessant washing of clothing in the abun- 
dant water supply, is an important factor in the 
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TABLE 2 
Environmental factors related to transmission of schistosomiasis in households of 
Bairoa, Sabana Llana, and Dona Ana, Puerto Rico, December 1955 


Watershed community 
Factors ——W_—-  ——_— Totals 
Bairoa Sabana Llana Dona Ana 
28 (188) | 69 (465) 


No. of families surveyed and (total members) 21 (154) 20 (123) 





Members per family | 
Range and (average) 4-12 (7.3) | 3-10 (6.1) | 2-30 (6.7) | 2-12 (6.7) 








No. persons in family and (% of total) 
Under 16 years of age 89 (57.7) 61 (49.5) | 119 (63.3) | 269 (57.8) 
Over 16 years of age 65 (42.3) 62 (50.5) 69 (36.7) | 196 (42.2) 





No. families using aqueduct* 
Home tap 20 41 
Public tap 0 2 
No. families using other sources 
Stream 19 
Spring : 5 7 


Household waste disposal 
Ditch 
Yard 





Human waste disposal 


Approved privy 
Non-approved privy 
Septic tank 
Yard 

Clothes washing facilities 
Home safe water 
Home unsafe water 
Stream 

Bathing facilities 
Home safe water 
Home unsafe water 
Stream 


Stream-household proximity 
0-100 feet 
101-200 feet 
201-300 feet 
301-400 feet 
Over 400 feet 
Daily stream crossing 
* Approved chlorinated water supply. 
+ Occasional gross dooryard and public road defecation observed. 
t Occasional gross dooryard defecation observed. 
§ Location of homes with respect to road negates factor. 
Stream crossed on adequate bridges. 
" Crossings made on steppingstones in normal stream flow, otherwise waded. 
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natural history of Puerto Rican schistosomiasis. 
It may be seen that the Bairoa residents washed 
their clothing in the local stream more often 
than did the other two groups. 

Bathing (Table 2) refers to the daily bath 
indulged in by women in the early morning hours 
and by men during the late afternoon. In such 
rural areas as Bairoa, the stream was used princi- 
pally. In no instance was bathing done away from 
home in Sabana Llana. Most families had ade- 
quate facilities for home bathing in Dona Ana. 

There is some evidence that persons who had 
the greater number of water contacts per day 
had higher rates of schistosomal infection. Chil- 
dren up to 16 years old were chosen from families 
whose homes had a reasonable proximity to the 
stream. Questionnaire and fecal sample data from 
272 of these children in a special survey conducted 
during late 1955 revealed that, should “daily 
water contact” be interpreted as exposure 
through drinking, bathing, or stream wading, the 
infection rate for schistosomiasis increased from 
32% to 86% through the range of 0 to 3 contacts 
per day (Table 3). Clothes washing was not 
commonly practiced by this young group sam- 
pled, and the survey excluded the possibility of 
infection by miscellaneous means, such as auto- 
mobile washing, animal washing and watering, 
and accidental wettings. Correlation between 
average numbers of contacts with infested waters 
and numbers of persons passing schistosome eggs 
in feces is necessarily limited to those younger 
age groups in which egg passage is not impeded 
by pathologic changes in gut wall tissues. Also, 
it is probable that females over 16 years old who 
wash clothing routinely in schistosomal waters 
might actually show relatively low infection rates, 
should the analysis be based on single stool 
examinations. 

A study of the intensity of infection was made 
on 90 of the 289 sampled during March 1954. 
These 90 children were then in the age group of 2 
through 16 years and lived in Bairoa and Dona 
Ana, which for the survey in March 1954 showed 
over-all schistosomal infection rates of 65 and 
24%, respectively. Total egg counts were made 
of approximately 1-gram fecal samples. Analysis 
showed that the average number of eggs per 
sample ranged from 1 to 47.1. Any correlation 
between age and number of eggs passed per 
individual was not significant statistically. 

Distance from the home to a stream apparently 
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TABLE 3 


Relationship between number of daily contacts* 
with schistosome-infected waters and number of 
persons positive for schistosomiasis in the Bairoa, 
Sabana Llana, and Dona Ana watersheds, Decem- 
ber 1955 





No. contacts 
with infected 
water 


No. persons 
ositive for 
schistosomiasis 


No. persons 


% itive for 
tested Sata iasi 


schistosomiasis 





69 32 
100 51 
24 75 
79 86 














*A contact is defined as an exposure either 
through drinking, bathing, or stream crossing by 
wading as stated in questionnaire. 

t Infected by other means of water contact not 
stated in questionnaire. 


was not great enough to have a marked effect on 
the course of community infection, even though 
23 of the 69 families were located more than 400 
feet away from a stream. Rural people normally 
locate homes near streams, and the minority 
which do not will carry drinking water by hand 
or by horse for distances of a mile or more. In 
Bairoa only male adults make occasional stream 
crossings by wading, and in Sabana Llana foot- 
bridges are provided for all family members to 
use. However, in Dona Ana, in order to get to 
places of employment or to school, 8 families had 
to cross the stream by use of steppingstones or by 
wading during elevated water levels. Five of these 
8 families had positive members. 

For a complete wet season and a dry one during 
1954 to 1955, weekly counts were made of all 
A. glabratus in 20 permanent stations consisting 
of 1-square yard quadrats in each principal 
stream (Figure 1). Far more snails occurred in 
the Bairoa stream than in the other two. A peak 
count of 14 per square yard was reached in July 
1954. Maximum counts of 2 in Sabana Llana and 
3 in Dona Ana were recorded. During October 
and November 1954, counts in all three basins 
dropped to less than 1 per square yard. This drop 
was due to destruction by flushing action. In the 
following dry months, counts returned approxi- 
mately to original levels. 

On a weekly schedule from February 1954 
through December 1955, snails were checked for 
schistosome infection in the laboratory and 
returned to source quadrats. This test period 
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corresponded to the period of human population 
testing. Of a total of 6,339 snails collected from 
the Bairoa stream, 0.84% were positive. Of a 
total of 2,364 snails from Dona Ana, 1.5% were 
positive; and of 1,811 snails from Sabana Llana, 
1.2% were positive (Table 4). Positive snail 
collections from Bairoa were rather uniformly 
spread throughout a total of 12 of the possible 23 
months involved. During the same 2-year period, 


SABANA LL ANA 
- DONA ANA 
—— saroa 


YARO IN PERMANENT STATIONS 





AVERAGE NUMBER OF SNAILS PER SQUARE 


Oo-nueFarne 
i re rt re 





Ont w- Ps -COe SAvANNAM, GEORGIA ~ FEBRUARY . 196) 


Fig. 1. Weekly variations in Australorbis gla- 
bratus population densities in Bairoa, Sabana 
Llana, and Dona Ana streams, July 1954 to April 
1955. 
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positive snails were found for 8 months in Dona 
Ana and for 7 months in Sabana Llana. Low snail 
infection rates are the rule in Puerto Rico.? 

A low percentage of snails (0.84%) were in- 
fected in the Bairoa stream. Higher percentages, 
1.2 and 1.5, were recorded in the Sabana Llana 
and Dona Ana streams, respectively. However, it 
should be noted that a greater density of snails 
existed in the Bairoa. Therefore, a greater number 
of snails were liberating cercariae in the Bairoa, 
and the density of cercariae in the stream prob- 
ably was greater in spite of the lower rate of in- 
fection in the snails. The smallest number of 
snails liberating cercariae was recorded from the 
Sabana Llana. Potential cercarial density was di- 
rectly associated with schistosomiasis, averaging 
69, 26, and 18% for Bairoa, Dona Ana, and Sa- 
bana Llana, respectively (Table 1). 

In conclusion, the prevalence of schistosomiasis 
was correlated with inadequate means of waste 
disposal, the numbers of infected snails in the 
streams, and the use made of the streams. These 
three factors are interrelated. The relative impor- 
tance of any one factor over the other factors has 
not been determined. The significance of the 


TABLE 4 
Summary of Australorbis infection with Schistosoma mansoni in 
three endemic basins of Puerto Rico, 1954 to 1956 





No. snails positive / no. tested 





Bairoa 


Sabana Llana Dona Ana 





1954 1955 


1954 1955 








3/370 
0/375 
0/366 
2/409 
2/398 
0/203 
1/112 
0/92 

0/70 

9/92 

2/234 
2/278 


0/400 
10/583 
0/414 
0/459 
1/267 
8/319 
0/141 
3/350 


10/407 


0/12 
5/60 
0/207 
0/207 
0/107 
0/94 
3/123 
0/124 


1/97 
0/158 
3/158 
2/158 
0/155 
4/66 
0/27 
0/69 
0/20 
0/41 
0/105 
0/44 








5/115 





Total.... 0.96% 


| (82/3340) | 


0.70% 
(21/2999) 


1.2% 
(13/1049) 


1.2% 0.9% 


(10/1098 ) 


(26/1266) | 





Grand total 0.84% 


(53/6339 ) 








(9/762) | 
1.5% 
(36/2364) 
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present study lies in its description of the manner 
in which the factors of sanitation, stream use, and 
snail infections contribute to schistosomiasis in 
the three Puerto Rican communities studied. 


SUMMARY 


A study of three Puerto Rican communities, 
each in a different watershed, was made with 
respect to group culture, distance from stream, 
waste disposal, contact with water, snail popula- 
tions, snail infections, and the manner in which 
these factors influenced schistosomiasis endemic- 
ity. During the course of a 2-year period, 289 
identified children of both sexes, ranging in age 
from 1 through 16 years, were surveyed quarterly 
for schistosomiasis, ascariasis, trichocephaliasis, 
and necatoriasis. The communities selected for 
study included a low class rural culture, a low 
class suburban culture, and a lower middle class 
suburban culture. Over-all schistosome infection 
rates of 69, 26, and 18%, respectively, were 
found in the three areas. Only 1% of 10,514 snails 
tested were positive. Factors associated with 
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high schistosomiasis infection rates were poor 
means of waste disposal, frequent use of infested 
streams, and relatively large numbers of infected 
snails. 
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ELECTROPHORETIC SERUM PROTEIN STUDIES IN CHRONIC 
HUMAN MANSON’S SCHISTOSOMIASIS 


ELI A. RAMIREZ,* AMINA RIVERA ps SALA,t DIANA SERRANOT 
anp MARTA CANCIOfT 


Serum protein alterations as a host response 
to infection have been observed in several para- 
sitic diseases? In some instances the serum 
protein measurement may even have diagnostic 
value. These alterations are probably related 
fundamentally to the pathogenetic and/or im- 
munologic mechanisms of these diseases. 

Paper electrophoresis is a convenient tool for 
the study of serum protein responses to disease. 
It is a relatively simple and practical method to 
obtain a fairly accurate measurement of the 
serum protein distribution. This paper presents 
the serum protein alterations found upon paper 
electrophoretic study of the sera of a group of 
patients with chronic schistosomiasis mansoni. 


MATERIALS AND METHODS 


The sera of 67 patients with schistosomiasis 
mansoni admitted to the San Patricio Hospital 
were studied by paper electrophoresis. All pa- 
tients were male adults ranging from 21 to 73 
years of age with an average age of 32.6 years. A 
clinical history and physical examination were 
obtained on all patients. They were questioned 
specifically regarding the known duration of 
their infection and any history of antimonial 
drug treatment. 

In most instances the disease was considered 
to be asymptomatic. Cases with findings sugges- 
tive of recent primary infection were excluded. 
All patients were screened for clinical conditions 
known to produce significant serum protein al- 
terations. Some cases with mild endemic para- 
sitic infections such as trichuriasis and uncinaria- 
sis were included if such infections were not of 
clinical significance. The hepatic involvement 
shown by some patients was considered to be 
due to schistosomiasis mansoni although the 
possibility remains that it might have another 

* Medical Service, San Patricio Veterans Ad- 
ministration Hospital, and Department of Medi- 
cine, University of Puerto Rico School of Medi- 
cine, San Juan, Puerto Rico. 
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Puerto Rico. 


etiology in individual cases. The diagnosis of 
schistosomiasis was established by the demon- 
stration of ova in the fresh stool and/or in the 
rectal mucosa. 

Additional examinations performed on most 
patients included the cephalin flocculation test, 
the bromsulfalein test, and the circumoval pre- 
cipitation test. 

A control series of 37 adults, 33 males and 4 
females, was also studied. They were professional 
blood donors, hospital employees and some pa- 
tients with clinical conditions not known to 
produce serum protein changes. Their ages 
ranged from 26 to 66 years with an average of 
41.6 years. They showed no clinical evidence of 
schistosomiasis and their stools were negative 
for ova of Schistosoma mansoni. 

The standard technique for paper electro- 
phoresis as recommended by the equipment 
manufacturer was used. All blood samples were 
obtained in the fasting state. The serum was 
separated and stripped on Whatman 3-mm filter 
paper strips (Spinco 300-028) arranged in a 
Spinco electrophoretic cell. Applied current was 
5 ma for 16 hours. A veronal buffer of pH 8.6 at 
ionic strength .075 (Spinco B-2) was used. 
Strips were stained with bromphenol blue 
(Spinco B-1) and after drying were scanned in 
the Spinco integrating analytrol. Protein frac- 
tions were expressed as relative values of 100%. 
The values obtained were uncorrected for loss 
of albumin or protein migration. 

Fresh stool examinations for ova were done 
according to a modification of the Telemann 
concentration technique.’ The rectal mucosa was 
examined according to a modification of the 
Ottolina and Atencio rectal biopsy technique.‘ 

Data were analyzed according to standard 
statistical formulae corrected for small samples 
when necessary. Significancies of differences be- 
tween the means were tested with the standard 
error of the difference according to the “‘t’’ table. 
Differences were accepted as significant when 
the difference between the means indicated a 
95% level of confidence (p <.05). 
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TABLE 1 


Electrophoretic serum protein means (7%) 


Albumin 


7 controls 
7 patients with schistosomiasis 





Alpha 


Alphas 


14.9 





14.08 


533 | 
| .467 


22.7 


| .639 


25.0 -801 





TABLE 2 


Serum proteins in 67 patients with chronic Manson’s schistosomiasis 





| | 
| 


No. of 
cases | 





: 
Without hepatosplenomegaly 
With hepatosplenomegaly 
Normal Hanger’s.. 
Abnormal Hanger’s. . 
Normal BSP... 

Abnormal BSP 

No treatment. . 

Previous treatment 

0 to 1+ circumoval 

2+ to 4+ circumoval 


| 


| 47. 


| 46. 
| 43. 


| 48. 


Electrophoretic serum protein means 





Albumin 


o 


| 46.3 
| 44.6 
17 | 


42.27 


hae ed 


45.2 
46.0 


= 


42 
35 | 


44 | 


| | 
| Alpha: 


Alpha | 





S.E. 
| 0.91 
1.45 
91 


9 


78 | 


85 


-60 | 


Go Oo. 
e c 


| 10.25 

| 10.1 

| 10.07 | 

| 10.16 
10.02 
10.9 

| 10.3 

| 10.0 

| 10.3 


Beta 





14. 
14. 
14.7 
15. 


| 13.9 


14.8 
14.8 
15.2 


| 45. 


14 | 1.11 | 3} 10.0 | 14.2 | 26.77 





RESULTS 


Table 1 shows the mean percentage distribu- 
tion of serum proteins obtained upon paper elec- 
trophoretic study of the sera of 37 normal con- 
trols and of the 67 patients with schistosomiasis. 

Table 2 shows the percentage distribution of 
serum proteins in various subgroups segregated 
from the 67 cases with chronic schistosomiasis 
mansoni. Comparison is established between 
cases with and without hepatosplenomegaly, 
cases with normal and abnormal Hanger’s tests, 
cases with normal and abnormal BSP retention, 
previously treated and untreated cases and cases 
with 0 to 1+ and 2+ to 4+ circumoval precipi- 
tation tests. 


DISCUSSION 


Patient and control series. The results of the 
electrophoretic studies obtained for the control 
series in the present study are very similar to 
those reported by Suarez et al.5 in 51 healthy 
Puerto Rican adults from 20 to 59 years of age 
(Figure 1). The differences appear to be too small 
to be significant. Suarez et al. noted that healthy 


Puerto Ricans between 60 and 89 years of age 
had lower albumin values and higher gamma 
globulin values than did the 20- to 59-year-old 
group. The present control series is chronologi- 
cally slightly older than the patient series (aver- 
age age of control group, 41.6 years; patients, 
32.6 years). Therefore, it would be expected 
that the control group would show slightly lower 
albumin and higher gamma globulin values than 
would the patient series. 

The opposite phenomenon, however, is ob- 
served (Table 1). This suggests that the serum 
protein change in schistosomiasis may be even 
more marked than is shown in the table. The 
alpha; and alpha, levels are identical. There is a 
ALBUMIN 


BETA GAMMA 





51 HEALTHY ADULTS 
AGE 20-59 YRS. 
(SUAREZ ET AL) 


50.7. 9.8 | 14.4 | 20.8 





37 HEALTHY ADULTS 
AGE 23- 66 YRS. 
(CONTROL SERIES) 


48.7 10.2 | 13.9 | 22.7 


























Fia. 1. Electrophoretic serum protein values 
reported by Suarez et al.5 in healthy adult Puerto 
Ricans and those of present control series. 
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slight elevation of the beta globulin fraction in 
the patient group but the difference is not sta- 
tistically significant (p = .16). The difference 
between the albumin mean of 48.7% in the 
control group and 45.6% in the patient group is 
significant (p <.01). The difference in gamma 
globulin means between 22.7% for the control 
group and 25.0% for the patient group is signifi- 
cant (p <.03). Although these differences are 
significant, they are relatively small and there is 
considerable overlapping between both groups. 
In experimental animal infection electropho- 
retic changes have been more pronounced. 
Evans and Stirewalt® reported consistent eleva- 
tion of gamma and beta globulins and relative 
decrease of albumin, alpha, globulin and total 
proteins occurring in mice about the 12th week 
after experimental exposure to S. mansoni. 
Sadun and Walton’ reported a decrease of albu- 
min and increase of gamma globulin in rabbits 
after experimental infection with Schistosoma 
japonicum. They observed a similar change in 
the sera of humans with chronic schistosomiasis 
japonicum but remarked that this was smaller 
than in rabbits. Our results parallel the last ob- 
servation in that the change observed in our 
patients, though significant in the group con- 


sidered as a whole, is relatively small when com- 
pared with the change reported in acute experi- 
mental animal infection. 


Differences between electrophoretic findings 
in chronic schistosomiasis in humans and those 
in experimental animals are not due necessarily 
to a generic difference in serum protein response 
to infection. Diaz-Rivera et al.’ reported serum 
protein responses in the acute phase of human 
Manson’s schistosomiasis comparable to those 
reported by other authors in the experimental 
animal. Experimental factors such as exposure 
dose may be involved also. Other authors have 
observed similar serum protein changes in the 
sera of humans with chronic schistosomiasis. 
Fiorillo’ in 1954 reported 10 patients with hep- 
atomegaly who exhibited increased gamma 
globulin, decreased albumin and increased beta 
globulin. Cardoso" in 1957 reported a decrease 
in albumin and increase in gamma globulin in 
25 cases with hepatosplenomegaly due to schisto- 
somiasis mansoni. This author associated the 
protein change with schistosomal hepatic in- 
volvement, although he was unable to correlate 
’ it definitely with the structural lesion as shown 
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in liver biopsies, or with the clinical condition of 
the patient. 

Relation of the protein change to hepatospleno- 
megaly. The relationship in our patients between 
the serum protein change and the presence or 
absence of hepatosplenomegaly is shown in 
Table 2. Patients with hepatosplenomegaly dif- 
fered from the controls in the gamma globulin 
and albumin means at about the same level of 
confidence as they did from the group as a whole. 
The serum albumin means were 44.6% in the 
patient group and 48.7% in the control group 
(p = <.02). The serum gamma globulin means 
were 26.45% in the patient group and 22.7% 
in the control group (p = <.02). Patients with 
hepatosplenomegaly did not differ significantly 
in gamma globulin and albumin means from 
cases without hepatosplenomegaly (p = .2 and 
.36, respectively). On the other hand the differ- 
ences between patients without hepatospleno- 
megaly and the controls were questionable. For 
albumin the difference was of borderline signifi- 
cance (p = .05) and for gamma globulin it was 
not significant (p = .13). Therefore, the albumin 
and globulin means of patients without hepato- 
splenomegaly lay between those of the controls 
and those of the patients with hepatospleno- 
megaly, not differing significantly from either 
but resembling more closely the latter. 

These results indicate that the patients with 
schistosomal hepatosplenomegaly have lower al- 
bumin and higher gamma globulin values than 
do the controls, while patients without hepato- 
splenomegaly do not show significant correspond- 
ing differences. This would suggest that clinical 
hepatosplenomegaly is a determinate factor in 
the production of the protein change. However, 
the lack of significant albumin and gamma globu- 
lin differences between patients with and without 
hepatosplenomegaly militates against this sug- 
gestion. It may be concluded that it is not possi- 
ble to establish from these data whether clinical 
hepatosplenomegaly is or is not a determinate 
factor in producing the protein change. 

It is perhaps surprising that this point cannot 
be established since the general clinical impres- 
sion is that hepatomegaly correlates fairly well 
with the severity of the liver involvement which 
is seen in the chronic stage of the disease. The 
liver is regarded as the principal site of albumin 
synthesis in the body. Involvement of this organ 
should result in impairment of albumin synthesis 
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and therefore such impairment may be expected 
to occur in chronic human Manson’s schisto- 
somiasis. Hyperglobulinemia would be the result 
of a compensatory mechanism that tries to 
maintain osmotic homeostasis in the face of a 
decreased albumin. 

The validity of clinical hepatosplenomegaly 
as a measure of the hepatic functional state in 
schistosomiasis may be questioned. In the acute 
phase of the disease hepatomegaly correlates 
poorly with bromsulfalein retention and pro- 
thrombin time.’ In the chronic disease large 
livers are frequently found when liver function 
tests are normal. Even in the presence of portal 
hypertension and hypersplenism the hepatic 
function may be well preserved." Thus, hepato- 
megaly in schistosomiasis does not imply the 
state of hepatic functional insufficiency that it 
frequently implies during the active phases of 
other types of liver cirrhosis. Our inability to 
differentiate, on the basis of serum protein meas- 
urement, between patients with and without 
hepatosplenomegaly may be due to the relative 
preservation of albumin synthesis in schisto- 
somiasis even when the liver is significantly in- 
volved. 

Another possible explanation is that the pro- 
tein change may have another source besides 
liver involvement. Hyperglobulinemia may result 
from stimulation of the reticuloendothelial sys- 
tem through an immunologic mechanism. It is 
known that most specific antibodies in human 
serum are contained in the gamma globulin 
fraction. The limitation of the globulin elevation 
to the gamma fraction in chronic human schisto- 
somiasis suggests that this change may be due 
to an immunologic mechanism. 

Relation of the protein change to cephalin floc- 
culation and bromsulfalein retention tests. There 
were 45 cases with negative cephalin flocculation 
(t.e., 2+ or less in 48 hours) and 17 patients with 
positive cephalin flocculation (i.e., 3+ or more 
in 48 hours) (Table 2). The mean albumin level 
of the negative group was 47.2% and of the 
positive group, 42.3%. The mean gamma globu- 
lin of the negative cephalin flocculation group 
was 24.4%; that of the positive cephalin floccula- 
tion group, 29.6%. These differences are signifi- 
cant. For the albumin means p is <.01 and for 
the gamma globulin means, <.03. The differ- 
ences between the negative cephalin flocculation 
group and the control group are not significant. 
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§§ SCHISTOSOMAL HEPATOSPLENOMEGALY-33 PTS. 
it LAENNEC'S CIRRHOSIS-6 PTS. 


VET: 


SERUM PROTEIN % 
ddd 





ALB. ALPHA ALPHA 2 BETA GAMMA 
Fig. 2. Serum protein values of patients with 
schistosomiasis compared to those of patients with 
Laennec’s cirrhosis. 


For the albumin means p is .1 and for the gamma 
globulin means, .5. 

Bromsulfalein retention was 8% or over in 45 
minutes in 20 patients and under 8% in 45 
minutes in 37 patients. The mean albumin of 
the normal group was 46.4% and of the ab- 
normal group, 43.4%. The gamma globulin level 
of the normal group was 24.8% and of the ab- 
normal group, 28.3%. These differences are not 
statistically significant. For the means of both 
albumin and gamma globulin p is .13. 

A positive cephalin flocculation test is fre- 
quently observed in Manson’s schistosomiasis 
regardless of the presence or absence of hepato- 
splenomegaly. This has been attributed by vari- 
ous authors to hepatic involvement, to a systemic 
reaction due to antimonial treatment” and to 
the serum protein response of an immunologic 
mechanism. The close relationship observed in 
our patients between positive cephalin floccula- 
tion and alterations of albumin and gamma 
globulin is not surprising in view of the known 
dependence of this test on the relationship be- 
tween serum albumin and globulin levels. On 
the other hand the lack of significant correlation 
between serum protein level and bromsulfalein 
retention is against the association of the gamma 
globulin change with hepatic functional impair- 
ment and favors the concept that an immuno- 
logic mechanism is responsible for the change. 

The above contention is in contrast to Laen- 
nec’s cirrhosis of the liver where in our experience 
the protein derangement usually parallels hepatic 
functional impairment and structural change. 
Figure 2 compares. for illustration purposes the 
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serum protein values obtained in 33 patients 
with and hepato- 
patients with 
Laennec’s cirrhosis of the liver and hepatospleno- 
megaly. In this small group of patients the pro- 
tein abnormality would be consistent with the 
more severe hepatic functional damage charac- 
teristic of patients with Laennec’s cirrhosis when 
compared with those with Manson’s schisto- 
somiasis. 

Effect of treatment with antimonials upon serum 
proteins. Borges” has suggested that the fre- 
quently abnormal cephalin flocculation test in 
human schistosomiasis is due to a toxic or allergic 
injury to hepatic cells caused by antimony. Our 
patients’ clinical histories were explored from 
this point of view. 

Twenty-seven patients gave a history of hav- 
ing had treatment for schistosomiasis mansoni 
with antimonials, either stibophen or antimony 
lithium thiomalate. The smallest course of treat- 
ment, according to the history, was 50 cc of anti- 
monial agent. It is evident that all 27 patients 
were antimonial treatment failures inasmuch as 
only patients with positive stool or rectal biopsy 
examinations were accepted in the study. Forty 
patients had received no treatment. No signifi- 
cant differences in serum albumin and gamma 
globulin were noted between the untreated and 
the treated groups (Table 2). These results indi- 
cate that the serum protein abnormalities ob- 
served in these patients cannot be considered to 
be an aftereffect of therapy with antimonial 
agents. 

Relation of protein change to circumoval precipi- 
tation test. Sixty-one patients were tested with 
the circumoval precipitation test as developed 
by Oliver-Gonzalez." Reactions were graded 
arbitrarily, on the basis of the amount of precipi- 
tate observed around the eggs, as negative (0), 
weakly positive (1+), moderately positive and 
strongly positive (2+ to 4+). There were 3 
negative, 14 weakly positive and 44 moderate 
or strong reactors. In order to study the relation- 
ship of the test to the serum protein abnormali- 
ties, the patients were divided arbitrarily into 
two groups. One group consisted of the 17 pa- 
tients who exhibited negative or weakly positive 
reactions (0 to 1+); the other group, of the 44 
patients who exhibited moderately positive or 
strongly positive reactions (2+ to 4+). In the 
former group the albumin mean was 48.44% and 


schistosomiasis 
splenomegaly with 


Manson’s 
those of 6 
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the gamma globulin mean, 23.12%. In the latter 
group the albumin mean was 45.14% and the 
gamma globulin mean, 26.77%. The difference 
between the gamma globulin means of both 
groups is significant (p = <.03). The difference 
between the albumin means is not significant 
(p = .16). The negative-weakly positive cireum- 
oval reactor group shows almost exactly the 
same serum protein values as those of the con- 
trol group. 

It has been shown in laboratory animals ex- 
posed experimentally to schistosomiasis mansoni 
that antibody formation, manifested by a cercari- 
cidal effect and pericercarial envelope formation, 
occurs at the same time that the gamma globulin 
increases. Our findings indicate that gamma 
globulin increase is also associated with the 
amount of precipitate formed around eggs incu- 
bated in immune serum. Furthermore, Cancio 
et al.5 have shown that a gamma fraction ob- 
tained by curtain electrophoresis from the sera 
of patients with Manson’s schistosomiasis gives 
a positive circumoval precipitation reaction in 
vitro. These observations lend support to the 
concept that the gamma globulin increase re- 
sults at least in part from a specific immunologi- 
cal response to S. mansoni. Continued and pro- 
longed immunization is suggested by the findings 
of Oliver-Gonzalez and Coker!® who indicated 
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SERUM PROTEINS IN CHRONIC MANSON’S SCHISTOSOMIASIS 


that the circumoval precipitins are stage specific 
antibodies present in the serum as long as the 
host harbors the living parasite. 

Figure 3 shows the relationship observed be- 
tween the cephalin flocculation test, the cir- 
cumoval precipitation test and the gamma globu- 
lin level. It will be noted that 15 of 16 cases with 
a positive cephalin flocculation test had a 2+ to 
4+ circumoval precipitation test. Fourteen of 
these had gamma globulin levels of 24% or 
above. On the other hand, two-thirds of all cases 
with negative cephalin flocculation had a 2+ to 
4+ circumoval precipitation test. Most of these 
had gamma globulin levels of 24% or above. 
These findings indicate that in spite of their 
mutual relation to a high gamma globulin level, 
there is no appreciable correlation between the 
cephalin flocculation and the circumoval precipi- 
tation tests. This lack of relationship is also 
manifested by the fact that all but 3 of the 61 
patients had positive circumoval precipitation 
tests while only 17 had positive cephalin floccula- 
tion tests. 

The results are consistent with the nonspecific 
nature of the cephalin flocculation and related 
determinations. These tests depend on the ratio 
of stabilizing vs. flocculating protein fractions in 
the serum and become positive whenever this 
relation becomes unstable, regardless of the 
cause. This may be liver dysfunction, hyper- 
globulinemia from any cause, hypoalbuminemia, 
etc. 

As was shown before, the cephalin flocculation 
test is related to the gamma globulin level in our 
patients; a certain ratio of albumin vs. globulin 
must be reached for flocculation to develop. On 
the other hand, the circumoval precipitation 
test is positive in the majority of cases with a 
relatively minor degree of gamma globulin eleva- 
tion, 7.e., a degree insufficient to produce cephalin 
cholesterol flocculation. This is consistent with 
the action of an anti-egg precipitin. The gamma 
globulin elevation in chronic Manson’s schisto- 
somiasis is due substantially to an antigenic 
stimulus followed by the formation of antibodies, 
one of which is the circumoval precipitin. 


SUMMARY 


The serum proteins of 67 patients with chronic 
schistosomiasis and of 37 controls were studied 
by paper electrophoresis. Compared to the con- 
trols, slight but significant changes consisting 


535 


of decrease of serum albumin and increase of 
gamma globulin were found in the infected 
group. The changes were more pronounced in 
patients with hepatosplenomegaly than in those 
without hepatosplenomegaly, but the differences 
were not significant. No significant relationship 
was found between the protein abnormalities 
and the hepatic functional impairment deter- 
mined by the bromsulfalein retention test. The 
protein abnormalities had no relation to previous 
treatment with antimonial agents. The changes 
were significantly more marked in patients who 
had an abnormal cephalin flocculation test than 
in those whose cephalin flocculation test was 
normal. The gamma globulin was significantly 
higher in those sera that produced a large amount 
of precipitate (2+ to 4+) in the circumoval 
precipitation test than in those that produced 
either no or a small amount of precipitate (0 to 
1+). However, no correlation between the cir- 
cumoval precipitation test and the cephalin 
flocculation test was found. 

These findings indicate that decrease of serum 
albumin and increase of serum gamma globulin 
represent a protein response by the human host 
to chronic infection with Schistosoma mansoni. 
In view of the known hepatic involvement which 
occurs in this disease it would seem reasonable to 
suspect that the protein changes result from this 
involvement. However, in the present study they 
could not be correlated at an acceptable level of 
confidence either with abnormal bromsulfalein 
retention or with hepatosplenomegaly. The evi- 
dence presented supports the view that these 
changes are due substantially to an immunologic 
mechanism. This mechanism probably produces 
a group of antibodies, one of which is the cir- 
cumoval precipitin. 
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In the initial stages of a Schistosoma mansoni 
infection it is relatively easy to find eggs of the 
parasite in the patient’s stool; however, this is not 
true in more advanced chronic stages of the dis- 
ease. Detection of eggs in the feces becomes more 
and more difficult as the disease progresses, pos- 
sibly because of an intense cellular reaction in the 
intestine which tends to surround the eggs, or be- 
cause of connective tissue proliferation which de- 
lays or hinders their passage through the in- 
testinal wall. Thus, in many chronic cases of 
schistosomiasis, parasitological diagnosis is only 
successful after repeated stool examinations or 
rectal biopsy. 

Parasitological methods for the diagnosis of 
schistosomiasis are not entirely dependable when 
one wishes to determine the prevalence of the 


disease in endemic areas. The usual procedure in 
surveys is to examine a single stool specimen from 
each person. Results from such examinations in 
areas where the percentage of individuals with 
light or chronic infection is high may give a false 
picture of the prevalence of the disease. 


Immunological methods of diagnosis for 
schistosomiasis are gaining importance in recent 
years with many studies on the intradermal and 
complement fixation tests.! Although the intra- 
dermal test is relatively simple to perform for 
large surveys, it should be noted that the results 
obtained in children are less reliable than those 
obtained in adults.” 

The present report gives the results of a quanti- 
tative measure of serum reactivity by the comple- 
ment fixation test performed with sera from in- 
fected children and adults and from non-infected 
controls. 


MATERIALS AND METHODS 


Sera. Blood samples were obtained from the 
following two groups of patients with mansoni 
schistosomiasis: (1) 216 school children from 10 to 
15 years of age living in an endemic area and fre- 
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quently exposed to reinfection; and (2) 84 military 
personnel, from 20 to 40 years of age, with oc- 
casional contact with water harboring infected 
snails. Infection was confirmed in all cases by 
demonstrating eggs of S. mansoni in their stools. 
Sera from 100 children and 100 adults living in a 
non-endemic area and with negative findings on 
stool examinations were used as controls. 

Antigen. Buffered saline antigen of S. mansoni 
adult worms was prepared according to the tech- 
nique of Chaffee et al.* with some modifications: 
200 mg of desiccated schistosomes was suspended 
in 20 ml of anhydrous ether chilled to —20°C and 
homogenized for 10 minutes in a tissue grinder 
with a teflon pestle, and immersed in an am- 
monium chloride ice-water bath. The suspension 
of ground schistosomes was poured into a chilled 
centrifuge tube and placed at —20°C. After 10 ml 
of anhydrous ether was added to the small 
amount of worm residue in the tissue grinder, 
grinding was resumed for 2 minutes. This second 
suspension was then added to the first, and the 
entire suspension centrifuged at 850G in a re- 
frigerated (3 to 6°C) angle head centrifuge. Fol- 
lowing centrifugation the supernatant ether was 
immediately decanted and traces of ether vapor 
aspirated from the centrifuge tube with a filter 
pump. The ether-extracted worm residue was 
poured into a fluted glass homogenizing flask of a 
“Virtis 45” homogenizer (Telcolab Corporation, 
New York) with 30 ml of veronal buffered salt 
solution* to which 1:10,000 Merthiolate® (sodium 
ethylmercurithiosalicylate) was added. The mix- 
ture was homogenized for 10 minutes in an ice- 
water bath and the resulting suspension was 
poured into a glass-stoppered bottle containing 
glass beads and kept in the refrigerator. Before 
use the antigen suspension was rendered homoge- 
neous by slight shaking. 

The antigen was standardized by block titra- 

* NaCl, 4.19 g; NaHCOs;, 1.26 g; sodium 5,5- 


diethylbarbiturate, 0.15 g; 5,5-diethylbarbituric 
acid, 2.3 g; distilled water up to 500 ml. 
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tion in the presence of three 50% units of comple- 
ment. The results obtained in a representative 
antigen titration are shown in Table 1. For that 
titration a 1:25 dilution of the antigen was 
selected. There was no evidence of anticomple- 
mentary or hemolytic activity of the antigen even 
when diluted 1:10 in saline. 

Complement. Pooled guinea pig sera titrated in 
50% hemolytic units with maximally sensitized 
sheep cells were used. Complement was prepared 
to contain 1, 2, and 3 units in 0.15 ml. In every 
instance an excess of 20% in the concentration of 
the complement was sional for deterioration. 

Hemolytic system. A 5% suspension of sheep 
cells, adjusted to give an optical density of 0.52 
in a Coleman spectrophotometer at a wave length 
of 545 my when 0.1 ml was mixed with 0.9 ml of 
distilled water, was sensitized with an equal 
volume of amboceptor containing the maximum 
sensitizing dose. 

Test proper. The test was performed by the 
same technique used for the diagnosis of Chagas’ 
disease.‘ Reaction volumes were 0.05 ml of un- 
diluted or diluted serum, 0.1 ml of antigen dilution 
and 0.15 ml of complement. The period of fixation 
was 1.5 hours at 37°C and was followed by the 
addition of 0.2 ml of sensitized sheep cells. After 
15 minutes of incubation at 37°C, 0.5 ml of cold 
saline was added to each tube. The tubes were 
centrifuged at 2,000 rpm for 5 minutes and the 


TABLE 1 


Per cent hemolysis obtained from a block titration of 
schistosome antigen in the complement fixation 
test in which three 50% hemolytic units of com- 
plement were used in all test dilutions 





Per cent hemolysis 
| Pooled 
| control 





Saline dilutions of | 
pooled sera of | 
infected patients 


1: 41. 6 
Antigen con- 
trol (2 units | 
of comple- 


ment) 
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TABLE 2 
Results of complement fixation tests performed with 
the sera of 300 patients with mansoni 
schistosomiasis 





Group Positive | Negative | Doubtful 
} 





| 
| 


Children 192 | 22 2 


(88. tad, (10. — (0. “‘e 


| 
Adults 
(3. oui 


(89. 2%) (7. 4%) 








TABLE 3 
Distribution, according to reactivity, in positive 
complement fixation tests of sera from adults 
and from children infected with Schistosoma 
mansoni 





Sera from 





Reactivity® 192 children 





% 
/o 


| 
No. 





20.31 
13.02 
11.98 
18.75 
18.75 
17.19 


5.1-10.0 | 25 
11.0-20.0| 23 
21.0-50.0 | 36 
51.0-100 | 36 
>100 | 33 


t t 


| 

_ 
2.0-5.0; 39 | 
| 

| 

| 











* The ratio of complement fixed by serum and 
antigen over that fixed by serum alone. 


per cent hemolysis of the supernatant was read at 
545 my in the Coleman spectrophotometer. The 
sera and antigen dilutions were made in normal 
saline. The serum reactivity (t = titer) was deter- 
mined according to the criterion of Wadsworth:® 


In the above formula D represents the fractional 
dilution of the tube with partial hemolysis; K’s,A, 
the amount of complement necessary to produce 
50% hemolysis in the presence of serum and 
antigen (3 units of complement); and K’s, the 
amount of complement necessary to produce 50% 
hemolysis in the presence of serum alone (1 or 2 
units of complement). The interpretation of the 
results was similar to that adopted by Freitas;‘ 
i.e., reactivity of 2.0 or more was regarded as 
positive and less than 1.5, as negative. Inter- 
mediary values between 1.5 and 1.9 were con- 
sidered doubtful. 





COMPLEMENT FIXATION TEST IN SCHISTOSOMIASIS 


RESULTS 


The results obtained with the sera of 300 
schistosomiasis patients, summarized in Table 2, 
indicate that practically the same percentage of 
positives was found for adults as for children. The 
test was positive in 88.9% of the children and in 
89.3% of the adults. The reactivity of the positive 
sera also was found to be essentially the same for 
the two age groups (Table 3). 

All tests performed with sera from 100 children 
and 100 adults living in a non-endemic area were 
negative. 


DISCUSSION 


Yoshimoto® was the first to demonstrate the 
presence of complement fixing antibody in pa- 
tients with schistosomiasis japonica using as 
antigen an alcoholic extract of adult worm 
(Schistosoma japonicum). However, for many 
years the antigens suggested by Fairley’—alco- 
holic extracts of infected snails—were widely 
used and thus the search for new antigens was 
lamentably delayed. In recent years adult schis- 
tosome extracts have been used with success,?: 15 
and several attempts to prepare purified antigens 
have been made. Preliminary extraction of dried 
schistosomes with anhydrous ether in the cold* 
will remove substance in the antigen which will 
cross-react with syphilitic sera. We found that 
the addition of Merthiolate (1:10,000) to the 
veronal buffer as a preservative renders the an- 
tigen usable for several months without appreci- 
able loss of activity. One batch of antigen gave 
comparable results 2 years after preparation. 

From Fairley’s earliest work it is known that 
the appearance of a complement fixing antibody 
in the course of bilharzial infection occurs at an 
early stage. Pifano and Mayer’® performed the 
complement fixation test on three patients in the 
invasion period of the disease and obtained posi- 
tive results by the 3rd week of infection, prior to 
the detection of eggs in the feces. The test re- 
mained positive through the acute period to the 
more chronic stages of the disease. Our data also 
indicate that in individuals living in endemic 
areas there is no decrease in the test sensitivity 
with regard to the duration of infection. On the 
other hand, Schofield” reported a decrease in the 
reactivity of sera taken during the chronic stages 
of the disease. However, his observations were 
based on cases in which re-exposure was not a 
complicating factor; and the antigen he used in 
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the test was Fairley’s antigen prepared from in- 
fected snails. Contrary to our earlier findings 
with the intradermal test, the complement fixa- 
tion test gave essentially the same results with 
sera from infected children as from infected 
adults. 

High specificity of the complement fixation 
test using “delipidized” adult worm extracts has 
been reported by several workers. Chaffee et al.3 
found a weak positive test in a patient infected 
with Trichinella spiralis at the 4th and 7th weeks 
of the disease. The test was negative by the 10th 
week. Chaffee and Nieves" reported cross-re- 
actions in patients infected with Paragonimus 
westermani. Recent studies by Sleeman! indi- 
cated that a purified antigen prepared by him was 
very specific, showing negative results in patients 
with paragonimiasis and syphilis. 

The complement fixation test appears to be a 
valuable aid in the diagnosis of schistosomiasis 
and may prove to be useful in epidemiological 
surveys and for the assessment of therapy. 


SUMMARY 


Complement fixation tests with a purified ex- 
tract of adult Schistosoma mansoni were per- 
formed by a quantitative technique with the sera 
of 216 children (10 to 15 years of age) and 84 
adults (20 to 40 years of age) passing eggs of S. 
mansoni in their stools. The test was positive in 
88.9% of the children and 89.3% of the adults. 
The titers obtained for the two age groups did 
not differ significantly. 
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ENHANCEMENT OF STIBOPHEN (FUADIN ®) ACTIVITY AGAINST 
SCHISTOSOMA MANSONI IN MICE BY FEEDING PURIFIED 
SEMI-SYNTHETIC DIETS 


GEORGE W. LUTTERMOSER* anv WILLIAM B. DeWITTt,t 


National Institute of Allergy and Infectious Diseases, National Institutes of Health, 
Bethesda, Maryland 


In previous reports'-‘ it was shown that diets 
deficient in certain vitamins and amino acids in- 
hibited the normal development of Schistosoma 
mansoni in mice. The stunted, sexually immature 
worms were unable to produce eggs, which are 
important factors in the pathogenesis of schisto- 
somiasis. Since the diet of the host can produce 
such profound effects the question arises as to 
the possible influence of nutrition on chemo- 
therapy of the infection. If means could be found 
to assure success in treatment much would be 
gained as a good, specific, nontoxic chemothera- 
peutic agent is still lacking. 

The importance of a good diet for patients with 
schistosomiasis has been mentioned many times 
in the literature, but there has been no demon- 
stration of the value of specific dietary factors in 
improving results of treatment in such patients. 
Bueding et al.5 reported that supplementation of 
a mouse diet with relatively large amounts of 
2-methyl-1 ,4-naphthoquinone (menadione) aug- 
mented the activity of small doses of stibophen 
(Fuadin®). However, the combination did not 
produce better results than did stibophen alone 
when given at higher levels. 

In the present study the chemotherapeutic re- 
sponse to stibophen was compared in groups of 
mice on a complete semi-synthetic diet, a de- 
ficient semi-synthetic diet, and on a standard 
commercial pellet diet. It was found that the type 
of diet fed markedly affected the efficacy of the 
drug. 


MATERIALS AND METHODS 


The animals used in these studies were female 
white Swiss mice of the National Institutes of 
Health general purpose strain. Groups of about 
30 animals, obtained either as 8- to 10-g pre- 
weanlings for experiments 1 to 4 or as 16- to 18-g 

* Laboratory of Parasite Chemotherapy. 

t Laboratory of Parasitic Diseases. 


¢t With the technical assistance of R. H. Duvall, 
O. Kline, and W. Blodgett. 


541 


weanlings for the other experiments, were housed 
in large plastic cages (12 in. wide by 18 in. long 
by 6 in. deep) fitted with a raised one-fourth inch 
mesh wire floor. The mice were fed ad libitum 
from wire-mesh containers suspended from the 
top of the cage. The compositions of the diets 
used are shown in Table 1. The analysis of the 
commercial ration (Purina Chow) was supplied 
by the manufacturer and will be referred to as 
the control diet or as the pellet diet. Diet A was 
a complete semi-synthetic diet and diet B was a 
deficient semi-synthetic diet of the type generally 
used to produce fatty liver changes.* It was low 
in protein and lacking in choline, inositol, folic 
acid, and vitamin Bi:. 

After each group of mice was fed on a specific 
diet for 4 weeks, all mice were exposed percutane- 
ously by the tail method’ to a Puerto Rican 
strain of S. mansoni. The cercariae were obtained 
from a large number of infected snails, pooled, 
and the mice in each experiment were given a 
uniform exposure. A group of untreated mice on 
each diet was held as controls. A regimen of 100 
mg stibophen/kg body weight was given intra- 
peritoneally once daily for 5 consecutive days. 
Following 4 days of rest, treatment was resumed 
for 3 additional days. Thus, a total of 800 mg 
drug/kg body weight was given in 12 days. The 
drug, a 6.3% solution of stibophen prepared by 
Winthrop Co., was diluted fresh daily with 0.85% 
NaCl solution so that each ml contained 20 mg. 
The regimen of 100 mg stibophen/kg was chosen 
because it previously had been found to kill a 
low percentage of the worms in mice on the pellet 
diet and thus any increased schistosomacidal 
effect in mice on other diets could easily be ob- 
served. Animals were weighed once weekly, 
except during treatment when they were weighed 
daily or 3 times weekly. At time of treatment the 
weights of the mice on the pellet diet averaged 
20 to 22 g; those on the complete semi-synthetic 
diet averaged 24 to 26 g; and those on the de- 
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ficient semi-synthetic diet averaged 16 to 18 g. 
Deaths were recorded daily. 

At necropsy, 2 weeks after completion of treat- 
ment, the size and condition of the visceral or- 
gans were noted. The worms were flushed from 
the portal system by a modification of the per- 
fusion technique of Yolles et al. The livers were 
then pressed between large glass slides and the 
dead and live worms counted under low magnifi- 
cation of a dissecting microscope. Very few live 
worms were found in the liver after perfusion. 
However, essentially all of the dead worms were 
trapped in the liver tissue, a very few being 
found in the lungs. Tissues were taken from at 


TABLE 1 
Composition of diets* (per kg) 





| 
Diet A | Diet B 
Unit of | Commercial |“‘optimal’’ |fatty liver 
measure; pellet diet semi- | (semi- 
synthetic) |synthetic) 


Component 


Protein 
Carbohy- 

drate 
Fat 
Salts g 
Choline gZ 
Thiamin-HCL| mg 
Riboflavin mg 
Calcium pan- 

tothenate mg 
Nicotinic acid) mg 
Pyridoxine - | 

HCl mg 
D-biotin mg 
Vitamin A 

acetate .| mg 
Carotene 
Vitamin D; 

(or equiva- 

lent) 
Vitamin K 
Vitamin E 

acetate (or 

equivalent).| mg 
Folic acid. ...| mg 
Vitamin Bi:..| mg 
Inositol |} mg 





* Composition of Purina Laboratory Chow 
supplied by manufacturer. Diets A and B were 
prepared in the laboratory in dry form. 

t ‘Vitamin free” casein. 

t Sucrose. 

§ Hubbell, Mendel and Wakeman salt mixture. 
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least one mouse in each group and prepared for 
histo-pathological examination. 


RESULTS 


The influence of diet on efficacy of stibophen. 
Table 2 summarizes the results of four experi- 
ments dealing with the effects of three different 
diets on the efficacy of stibophen against S. 
mansoni infections in mice. The average number 
of worms, living and dead, recovered at necropsy 
is presented for each treated and nontreated 
group of animals. The results indicate that the 
efficacy of stibophen in mice fed the semi-syn- 
thetic diets was much greater than in the mice 
fed the pellet diet. Based on the results of the 
first experiment it was calculated that 94.8% of 
the schistosomes in mice on the complete semi- 
synthetic diet and 64.5% of those in mice on the 
deficient semi-synthetic diet were eliminated, 
while in mice on the pellet diet only 12.5% of 
the worms were killed. Similar results were ob- 
tained in experiment 2. The percentage of the 
parasites killed was 82.6% for mice on the com- 
plete semi-synthetic diet, 76.9% for those on the 
deficient semi-synthetic diet, and 5.0% for those 
on the crude pellet diet. 

The greater efficiency of stibophen against S. 
mansoni in mice on the complete semi-synthetic 
diet was confirmed in experiments 3 and 4. In 
these two experiments, 55.0% and 75.6% of the 
worms were killed in mice on the complete semi- 
synthetic diet as compared with 15.5% and 
15.3%, respectively, for mice on the crude pellet 
diet. 

The therapeutic results obtained in the four 
experiments are summarized in Figure 1 which 
shows the over-all percentages of schistosomes 
killed by stibophen in each of the three dietary 
groups of animals. The graph demonstrates the 
advantage obtained by the use of the synthetic 
diets over the pellet diet. Almost as much of the 
infection was cleared in mice on the deficient 
semi-synthetic diet as in mice on the complete 
semi-synthetic diet. Histo-pathological examina- 
tion revealed the presence of moderately severe 
fatty liver changes in mice maintained on the 
deficient semi-synthetic diet. 

Statistical evaluation* of the results obtained 

* Assistance with statistical evaluation of the 
data was generously given by Mr. J. E. Liberman, 


Biometrics Research Branch, National Heart 
Institute. 
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(COMPLETE) (DEFICIENT) 


Fia. 1. Relative efficacy of stibophen against 
Schistosoma mansoni in mice fed different diets. 
Based on combined results from experiments 1 to 4. 


from the four experiments indicates a high order 
of significance in the enhancement of drug activ- 
ity against S. mansoni in mice by feeding either 
of the semi-synthetic diets. 

During the 13-week experimental period the 
weight gains of the mice on the pellet diet and 
of those on the complete semi-synthetic diet 
were similar, 16.4 g and 18.6 g, respectively; but 
the weight gain of the mice on the deficient semi- 
synthetic diet was considerably less—9.9 g. 

The survival rate of mice in each of the experi- 
mental groups is shown in Table 2. As compared 
with the nontreated control groups, a significant 
increase in the number of survivors is noted for 
each of the treated groups irrespective of the 
type of diet fed. 

The effect of size of infection on treatment results. 
In two of the four experiments cited above (see 
Table 2) it was observed that in untreated con- 
trol mice a significantly larger number of worms 
was recovered from mice maintained on the 
commercial pellet diet than from mice exposed 
to the same number of cercariae and maintained 
on one of the semi-synthetic diets. In order to 


test whether the size of worm burden affects the 
response to stibophen therapy, 80 mice main- 
tained on either the pellet diet or the complete 
semi-synthetic diet were exposed to light (70 
cercariae) or heavy (150 cercariae) infections and 
subsequently one-half were treated. At necropsy, 
the mice on the pellet diet with light infections 
(32.7 worms per mouse) showed 10.8% reduction 
in live worms and those with heavy infections 
(61.7 worms per mouse) showed 6.6% reduction. 
With the complete semi-synthetic diet there was 
60.8% reduction in the mice with light infections 
(27.1 worms per mouse) and 66.6% reduction in 
those with heavier infections (60.9 worms per 
mouse). Thus the size of the infection did not 
significantly influence the efficacy of stibophen 
therapy. 

Comparison of infections in animals on the two 
complete diets. Although the mice were main- 
tained on wire-mesh floors while being fed diets 
A and B, the coats of the animals became 
“greasy” from contact with the purified diets. 
To determine whether cercariae would penetrate 
“greasy” as well as normal mice, 4 days before 
exposure 21 mice were placed in a cage with a 
screen floor greased with diet A. The diet was 
also rubbed on their tails daily. Twenty-three 
were maintained on hardwood sawdust bedding 
to minimize contact with the greasy food. Each 
of the 44 mice was then exposed percutaneously 
by the tail route to 200 cercariae of S. mansoni 
and subsequently maintained on sawdust. Eight 
weeks after exposure, the schistosomes were 
perfused from the mice and counted. Animals 
with greased tails harbored an average of 74.4 + 
2.3 (S.E.) worms while the others averaged 
57.0 + 2.9 (S.E.) worms. There was no indication 
that the grease reduced the infection. On the 
contrary, the number of worms was significantly 
greater in this experiment. 

Ten weeks after exposure of 21 mice on either 
diet A or pellet diet to 90 cercariae each, a com- 
parison was made of the number and length of 
the schistosomes present and of the numbers of 
eggs in the livers of these two groups of animals. 
The worms recovered were fixed, stained, and 
mounted for detailed examination. The livers of 
the same animals were subjected to acid-pepsin 
digest and the schistosome eggs were estimated 
as previously described.® An average of 21.2 
worms was found in 7 mice on diet A. In a ran- 
dom sample of 20 of these worms, the females 
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averaged 10.31 + .32 mm (S.E.) in length while 
the males averaged 8.08 + .49 mm (S8.E.) in 
length. The livers of 7 mice on diet A contained 
an estimated 571 eggs per pair of worms. An 
average of 17.0 worms was found in 7 mice on 
the pellet diet. In a random sample of 20 worms 
from this group, the females averaged 10.01 + 
.18 mm (S8.E.) in length and the males, 7.81 + 
.34 mm (S.E.) in length. The livers of 8 mice on 
the pellet diet contained an estimated 596 eggs 
per pair of worms. Thus no significant difference 
was observed in the schistosome infections devel- 
oping in animals on the complete semi-synthetic 
or on the pellet diet. However, worms in mice on 
the deficient semi-synthetic diet had previously 
been found to be “stunted” and producing few 
eggs when compared with parasites from mice on 
a complete diet.’ 


DISCUSSION 


In the present study it was found that the 
type of diet affected the efficacy of a regimen of 
stibophen in mice infected with S. mansoni. 
When animals were given a “complete” purified 
diet, stibophen had high schistosomacidal activ- 
ity; but when regular commercial pellet diet was 


fed, stibophen was relatively ineffective. Even 
when the semi-synthetic diet was made low in 
protein and simultaneously deficient in choline, 
inositol and vitamin B,, the efficacy of stibophen 
remained high. Thus, the increased therapeutic 
value of stibophen was not a matter of general 


nutritional status of the animals, but was due 
to specific factors in the diet. 

An explanation for the differences in activity 
of stibophen observed herein is not obvious. It 
had previously been shown by others® that 
2-methyl-1, 4-naphthoquinone, a compound with 
vitamin K activity, would enhance the schisto- 
somacidal effect of subcurative doses of stibo- 
phen. However, it was necessary that large 
amounts of the compound (420 to 900 mg/kg 
daily) be given in order to bring about increased 
activity of stibophen. In this study, it was calcu- 
lated that each mouse fed on the semi-synthetic 
diets ingested a maximum of 15 to 30 ug vitamin 
K daily or a total of about 1 mg/kg body weight. 
Thus, the amounts of the vitamin ingested were 
inadequate to account for the higher activity of 
the drug. 

The important role that diet can play in con- 
junction with chemotherapy has been observed 
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with other infections. An example is the finding 
of Taylor and Greenberg’ that the activity of 
metachloridine and sulfadiazine against Plasmo- 
dium gallinaceum in chicks was enhanced by 
feeding the animals a purified diet. The addition 
of soybean meal to the purified diet almost 
eliminated the hyperactivity associated with the 
purified diet. This led the authors to suggest that 
the raw material contained a factor(s) which in- 
hibited the antimalarial activity of the drugs. 
Efforts to isolate such a factor were unsuccessful. 
Further investigation is being conducted on 
the schistosomacidal activity of stibophen and of 
other drugs in mice on synthetic and crude diets. 
If it is found that drugs in general are strongly 
schistosomacidal in mice fed the complete semi- 
synthetic diet but weak in animals receiving 
other rations, it will be important that this semi- 
synthetic diet be used in programs of screening 
chemicals for antischistosome activity. Another 
noteworthy implication of the present study is 
that it may be possible to define the optimal diet 
for drug therapy in human schistosomiasis. 
Further developments may be of clinical value 
and the different diets of man in the endemic 
areas of the disease over the world may prove 
to be partly responsible for the varying degrees 
of success which have been reported from the 
use of the same regimen of drug in those areas. 


SUMMARY 


The efficacy of stibophen (Fuadin®) for kill- 
ing mature Schistosoma mansoni was compared 
in mice on a standard commercial ration and in 
others on semi-synthetic diets. In several tests 
in which mice received intraperitoneally a dose 
of 100 mg/kg daily for 8 days, it was estimated 
that the drug was from 4 to 16 times more effec- 
tive in eliminating the schistosomes in the ani- 
mals on the semi-synthetic diets than in those on 
the crude commercial ration. 
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TRIS(p-AMINOPHENYL)CARBONIUM SALTS IN THE TREATMENT OF 
SCHISTOSOMIASIS IN NYASALAND 


H. 8S. BURNETT* anv E. D. WAGNER 


Department of Microbiology, School of Medicine, Loma 
Linda University, Loma Linda, California 


In a search for new antischistosomal drugs, 
highly purified forms of tris(p-aminopheny]l)- 
carbonium chloride and of tris(p-aminophenyl- 
carbonium 4,4’-methylenebis(3-hydroxy-2-naph- 
thoate) (pamoate) have been prepared;'* these 
respective salts are referred to hereafter as CI-403 
chloride and CI-403 pamoate. These materials 
were then evaluated for therapeutic and pro- 
phylactic actions against Schistosoma mansoni 
infections in mice and monkeys** and examined 
provisionally for toxic effects in both laboratory 
animals’ and in human volunteers. The fore- 
going studies suggested both salts to be worthy 
of human trial as antischistosomal drugs. This 
paper presents the first report on exploratory 
studies to determine the efficacy of these sub- 
stances as practical drugs for the treatment of 
schistosomiasis in man. 


MATERIALS AND METHODS 


This study was conducted at the Malamulo 
Hospital and Leprosarium near Blantyre, Nyasa- 
land, an area of high schistosomiasis endemicity. 
The subjects, primarily outpatients, all were 
infected with schistosomes; 39 had Schistosoma 
haematobium, 18 had S. mansoni and 9 had both 
parasites. The patients included 59 Africans, 1 
mulatto, and 4 Caucasians; they ranged from 9 to 
44 years of age and 10 of them were females. 

Diagnosis of the infections and evaluation of 
antischistosomal drug effects were based upon 
the examination of the stool and urine for eggs. 
Stools were examined by a formalin-ether method. 
Urine examinations were done by centrifuging 15 
ce of urine and examining an aliquot of the sedi- 
ments. In some instances the number of eggs per 
ml of feces or urine was calculated. 

Peripheral blood studies and urinalyses before 
and after treatment served as the laboratory 
tests to detect possible toxic effects of the salts. 
The blood studies included determination of the 
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tute, Colton, California. 


547 


amount of hemoglobin, total leukocyte counts, 
and differential leukocyte counts. Urine was 
examined for albumin, sugar, and formed ele- 
ments. 

The drug was given as sugar-coated tablets 
containing the equivalent of 100 mg of carbonium 
ion per capsule; doses were expressed in terms of 
the carbonium ion. All doses were given orally. 
In most instances the drug was given after meals, 
three times daily, in amounts of 15 to 65 mg per 
kg of body weight per day for periods of 5 to 14 
days. Doses were given under supervision to all 
of the 32 patients treated with CI-403 chloride 
and to 24 of the 32 patients treated with CI-403 
pamoate. A variety of treatment regimens was 
tried inasmuch as this was an exploratory study 
to find how the drug might be used most effec- 
tively and most safely. Hence the course of treat- 


ment is summarized by the expression of the total 
mg of drug per kg of body weight given during a 
specified period of days. 


RESULTS 


Although the two salts were given to a total of 
64 patients with schistosomiasis, only 30 of them 
could be observed adequately after treatment for 
any indication of an antiparasitic effect. For- 
tunately, all of these patients were among the 
group whose medication was closely supervised 
and individual doses recorded. A summary of 
the findings in those patients whose stools or 
urine was examined on 3 or more occasions after 
treatment is presented in Table 1. CI-403 chloride 
in total doses of 223 to 579 mg per kg was thus 
studied in 13 haematobium-infected patients; 
among these, 11 had at least 3 negative urine 
specimens during the first few months after 
treatment. Nine of the patients remained negative 
for eggs as long as they were followed. Among two 
mansoni-infected patients given CI-403 chloride 
in total doses of 307 to 330 mg per kg, one re- 
mained negative during the ensuing 12-week 
follow-up. It is of interest that the patient whose 





TABLE 1 


Results in patients infected with Schistosoma haematobium, S. mansoni, or both parasites, 


associated with the administration of CI-403 chloride or CI-403 pamoate 





Patients 


Age (yr) and | Wt 
sex (kg 


| 
Drug Results of egg exam.t after treatment at weeks 


Total 
amt. 
mg/kg 


Pre- Degree of 
treatment | side effects 
exam. for | | (gastroin- 

eggst 1 2 3 4 testinal)t 





Days 
given and 
regimen* 





CI1-403 chloride—S. haematobium 








579 14 A 


28 MY 


570 
566 
454 
425 
396 
396 
350 
330 
286 
55 | 234 
59 | 244 


70 | 223 


65 
50 
50 
60 
60 
61 


14 B 
14B 
14 B 
14B 
14B 
14 B 
7A 
14 B 
13 B 
14B 
10 B 
14 B 


+++++++4+4+4++ 


of. 





CI-403 chloride—S. mansoni 








60 | 330 
70 | 307 


14 B 
10 C 


+ + ~ 
+ _ _— 





672 
600 
560 
500 
339 
25 

25 

250 
217 
203 
159 


14 A 
14 A 
4A. 
5A 
14 A 


~ 
‘ 


‘ 
t 
‘ 
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A 
A 
A 
A 
A 
A 
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CI-403 pamoate—S. haematobium 





(60) | 
(3) 
(10) | 
(1) 
(4) 


(4) 


++t+t+t+t++++4++ 


(100)|+ (10) 





CI-403 pamoate—S. mansoni 





M 
13 MY 
33 MY 
32 M 
40 M 


30 | 840 
32 | 788 
70 | 600 
60 | 560 
60 | 250 


14 A 
14 A 
144A 
14 A 
5A 





* Regimens: A, three times daily, equal doses; B, three times daily, doses increased progressively 





+ (20) 
+ (25) 
+ (10) 
+ (90) 
+ + 


from approximately 3 to 10 up to 15 to 60 mg/kg/day; and C, same as “B” except that treatment was 
interrupted 3 days. 
t Figures in parentheses indicate approximate numbers of eggs/ml of specimen. 
{ 0, none reported; 1, mild enough not to interfere with treatment and not to require palliative medi- 
cation to relieve gastrointestinal symptoms; 2, severe encugh to interfere with medication or to require 


palliative treatment. 
§ These patients were part of the 43 on whom urinalyses were done. 
|| These patients were part of the 27 on whom peripheral blood studies were done. 
§ Infected with both S. haematobium and 8. mansoni. 
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mansoni infection failed to respond discernibly 
to CI-403 chloride had apparently experienced 
therapeutic effect against his concomitant 
haematobium infection. 

CI-403 pamoate was studied in 13 haematobium- 
infected patients given total amounts of 159 to 
788 mg per kg during periods of 5 to 14 days. At 
least 3 negative urine samples were obtained from 
all of the 6 patients given the drug for 14 days 
in total doses of 339 to 788 mg per kg; 3 of these 
remained negative for eggs throughout the several 
weeks of follow-up examinations. Lower total 
amounts of drug, or shorter periods, appeared 
to be somewhat less effective. Five mansoni- 
infected patients were treated with CI-403 
pamoate in total doses of 250 to 840 mg per kg 
for periods of 5 to 14 days; all of them had at 
least 4 negative post-treatment specimens. In 
view of the many variables involved, the data 
are inadequate for any conclusions regarding the 
comparative activity of the two salts of CI-403. 

All of the 64 treated patients were observed at 
least for gross tolerance of their medication and 
thus were useful in assessing the potential toxicity 
of the two salts of the drug. The 34 patients who 
could not be followed adequately for an evalua- 
tion of antischistosomal activity were treated 
very much as were those in Table 1. Peripheral 
blood studies were done on 13 patients given 
CI-403 chloride and on 15 patients given CI-403 
pamoate. Urinalyses were done on 27 patients 
who had received CI-403 chloride and on 15 who 
had received CI-403 pamoate. Records were kept 
of the reported gastrointestinal side effects in all 
patients. The blood and urine studies provided 
no indication in any instance of a toxic effect of 
either CI-403 chloride or CI-403 pamoate. Gastro- 
intestinal side effects—mainly emesis and nau- 
sea—were the only side effects observed with 
sufficient frequency to be noteworthy. Nineteen 
of the 32 patients given CI-403 chloride reported 
gastrointestinal reactions and 3 of the 32 patients 
given CI-403 pamoate reported such reactions. A 
Chi square test indicated that the percentage of 
patients reporting gastrointestinal reactions was 
significantly (p < .001) higher for CI-403 chloride 
than for CI-403 pamoate. This apparent differ- 
ence in tolerance of the two salts becomes even 
more impressive when it is noted that CI-403 
pamoate was given in somewhat higher average 
amounts than was CI-403 chloride. Occasional 
complaints, difficult to evaluate in the type of 
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patients studied, included dizziness in one, hal- 
lucinations in one, visual disturbances in one, and 
dermatitis in two. All of these apparent reactions 
to the drug were transient and appeared to stop 
upon cessation of treatment or a reduction in the 
amount of drug given daily. 


DISCUSSION 


The evaluation of therapeutic effect by an 
antischistosomal drug is difficult and requires a 
long period of time under any circumstances. The 
present study was particularly complicated by the 
fact that the treated patients continued to live 
in an endemic area where they were subject to 
constant reexposure. Furthermore, many of them 
could be examined for only a few weeks after 
treatment. Thus, the only solid criterion for 
evaluating antischistosomal activity under the 
circumstances was the pattern of egg excretion. 
If the assumption that the patients would have 
continued to pass eggs in the absence of treat- 
ment is valid, then the results indicate that CI-403 
chloride and CI-403 pamoate exerted activity 
against S. haematobium and S. mansoni. 

There is no basis for interpreting the signifi- 
cance of eggs in the stools or urine of patients at 
periods of 10 to 12 weeks after treatment as they 
could result from either a relapse or reinfection. 
Owing to this factor and the necessity of much 
longer follow-up periods than were possible in 
this study, no conclusions regarding the curative 
effects of the two salts are warranted. 

Neither salt was highly toxic under the average 
conditions used. A conservative appraisal of the 
two salts would seem to be that each is capable 
of interfering safely with egg excretion and that 
further study, particularly of the better tolerated 
CI-403 pamoate, is justified. Inasmuch as the 
laboratory data (supra) point to a slow action 
and slow excretion, it would be especially desira- 
ble to try CI-403 pamoate on longer treatment 
regimens. 


SUMMARY 


Tris(p-aminophenyl)carbonium chloride and 
pamoate, referred toas CI-403 chloride and CI-403 
pamoate respectively, were administered to 64 
patients with schistosomiasis in an endemic area 
in Nyasaland. 

CI-403 chloride and CI-403 pamoate were given 
in respective total doses of 150 to 539 and 250 to 
788 mg per kg during periods of 4 to 14 days. 
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Stool and/or urine specimens were examined in 
about half of the patients a sufficient number of 
times during the first few weeks after treatment, 
for an indication of the effects of the drugs on egg 
excretion. CI-403 chloride appeared to suppress 
egg excretion in 12 of 13 patients infected with 
Schistosoma haematobium and in one of two in- 
fected with S. mansoni. CI-403 pamoate appeared 
to suppress egg excretion in 11 of 13 patients 
infected with S. haematobium and in each of the 
5 patients infected with S. mansoni. 

There were significantly more gastrointestinal 
reactions associated with CI-403 chloride than 
with CI-403 pamoate. The latter was tolerated 
well in this respect. Peripheral blood studies in 28 
patients and urinalyses in 42 provided no indica- 
tion of toxicity of either salt. 

The salts, particularly CI-403 pamoate, seem 
to be worthy of further study as potentially 
practical antischistosomal drugs. 


ACKNOWLEDGMENTS 


We are indebted to Dr. R. J. Harvey, Chief 
Medical Officer at the Malamulo Hospital and 
Leprosarium, at Makwasa, Nyasaland, for sup- 
plying laboratory facilities and for serving as 
consultant and advisor. We are also indebted to 


2. SHort, F. W., 


BURNETT AND WAGNER 


Robinson Mzmara, 
charge of the 


African hospital assistant in 
leprosarium, for his invaluable 


assistance in organizing patients for examination 
and treatment and for supervising the collection 
of specimens. Grateful acknowledgment is made 
to Drs. K. O. Courtney and Paul Thompson for 
advice and counsel and to Parke, Davis & Com- 
pany for support and drugs for the project. 


REFERENCES 


. SHort, F. W., anp Exsiaaer, E. F., 1960. New 
pararosaniline salts with pamoic acid. Bel- 
gian Patent No. 588,814. 

AND Exsiacer, E. F., 1960. 

Pararosaniline oral therapeutic composition. 

Belgian Patent No. 588,815. 


3. Extstacer, E. F., SHort, F. W., Wortn, D., 


THOMPSON, P. B., MEISENHELDER, J. E., 
AND NAJARIAN, H., 1961. Effects of tris(p- 
aminophenyl)carbonium salts and related 
compounds on experimental schistosomiasis 
and paragonimiasis. Nature. In press. 

. THompson, P. E., MEISENHELDER, J. E., AND 
NaJARIAN, H., 1961. Laboratory studies on 
the antischistosomal activities of tris(p- 
aminophenyl)carbonium salts and Miracil D 
Am. J. Trop. Med. & Hyg. In press. 

5. Weston, J. K., anp McAtping, R. J., Parke, 
Davis & Company, Ann Arbor, Michigan. 
Personal communication. 

. McAtring, R. N., Parke, Davis & Company, 
Ann Arbor, Michigan. Personal communica- 
tion. 





EXPERIMENTAL ATTEMPTS TO TRANSMIT PASTEURELLA PESTIS 
WITH THE MITE HAEMOGAMASUS LIPONYSSOIDES HESPERUS 


RADOVSKY (ACARINA: 


D. P. FURMAN,t S. F. QUAN, $ L. 


The question raised in the present work re- 
volves around the possibility that Pasteurella 
pestis may be transmitted from rodent to rodent 
in nature by vectors other than fleas. This is a 
concept which has been inadequately investi- 
gated for certain of the arthropods parasitizing 
rodents. 

Vitzthum! considered the question of mites 
occurring in nests of wild rodents as potential 
vectors of plague in Manchuria. On the basis of 
circumstantial evidence involving the known 
food habits of the mites, or the failure to find 
mites containing ingested blood of their pre- 
sumed hosts, he concluded they played no role 
in transmitting plague in nature. 

Yamada? (cited by Pollitzer*) demonstrated 
that Ornithonyssus bacoti (= Liponyssus na- 
gayot), a parasite of commensal rats, could trans- 
mit plague from animal to animal. This has not 
been confirmed by other workers, and its epi- 
demiological significance has not been clarified. 

Recent work with ticks has demonstrated that 
both ixodid and argasid species harbor plague 
bacilli in nature and are capable of transmitting 
the infection mechanically. Extensive experi- 
ments showed that ticks had a low degree of 
vector efficiency.‘ 

Furman‘ investigated the assumed parasitic 
relationships of six species of mesostigmatid 
mites inhabiting nests of wild rodents. One of 
these, Haemogamasus liponyssoides hesperus, 
proved to be an obligatory, skin piercing, blood- 
sucking parasite of Microtus and other wild 
rodents. Since this mite occurs commonly in 
nests of its host, and Microtus is found infected 
with P. pestis in nature, the following laboratory 
experiments were designed to determine if the 
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mite could become infected with plague bacilli 
and, if so, to determine duration of the infection 
and ability of the mite to transmit the organism 
to laboratory mice. 


MATERIALS AND METHODS 


Mites were obtained from a culture main- 
tained in the laboratory for over a year. Source 
of the culture was nesting material of Microtus 
californicus (Peale), collected in the Berkeley 
hills, Alameda County, California. Routine mass 
culture of the mites was conducted by the 
method of Radovsky® in which mites are pro- 
vided continual free access to suckling labora- 
tory mice. Only adult female mites were used in 
the experimental work since these normally en- 
gorge more fully and consistently than do either 
males or deutonymphs; larvae and protonymphs 
are nonfeeding stages of this mite. They were 
starved by holding in clean, moist cotton-stop- 
pered Procaine tubes for 2 to 5 days prior to 
offering an infectious blood meal. 

In certain experiments mites were permitted 
access to plague-infected, moribund suckling 
mice for 1 to 6 hours in a standard mass culture 
container. Before feeding the mites, the degree 
of mouse bacteremia was determined by exami- 
nation of a stained blood smear. Except where 
otherwise indicated, the mice used had a heavy 
bacteremia as shown by 10 to 200 or more or- 
ganisms per oil immersion field. 

In other experiments a “forced feeding” pro- 
cedure was used as follows: Heart blood was 
drawn from a laboratory mouse by a syringe 
rinsed with a 1% sodium heparin solution; large 
drops, approximately 0.25 ml each, were placed 
in small plastic dishes. A known number of 
mites, usually 10, was deposited directly on the 
surface of each blood drop, with care taken to 
avoid submerging the mites in the fluid. Mites 
were manipulated as necessary with fine, mois- 
tened, artist’s brushes (size 0000). After a feed- 
ing period of 15 minutes the mites were rinsed 
individually in water, dried momentarily on fil- 
ter paper, and returned to vials. Containers for 
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TABLE 1 


External decontamination of Haemogamasus liponyssoides hesperus after immersion in blood containing 


Serratia marcescens 





No Minutes 
expo- 
sure 


Chemical agent valien 


Tincture Merthiolate, Final wash 


Material cultured 


Results of 48-hour blood-agar culture 





Other 


S. marcescens bacteria 
2 





Neg. N | 





Mite triturate 





Final wash 


HCl, pH3, plus X-77 


] 
Pos. (3 colonies) s. | Pos. 





Pos. 


Pos. 





detergent* 


Mite triturate 


(1 colony) s. | 


Pos. 


. (10 colonies) 





None Final wash 


Mite triturate 





Pos. 





. (3 colonies) 


Pos. 





* Contains alkylarylpolyoxyethylene glycols, free fatty acids, and isopropanol (Colloidal Products 
Corp., 2598 Taylor Street, San Francisco, California). 


mites were held in trays surrounded by a water 
moat containing detergent (Aerosol), and bands 
of tape or gauze impregnated with the repellent 
diethyltoluamide were affixed on the handles of 
instruments used, as well as around the sleeves 
of rubber gloves worn by the investigator. In 
working with septicemic blood the usual precau- 
tions were observed to avoid accidental infection. 

In testing the viability of P. pestis ingested 
by mites in early experiments, it was found that 
bacterial cultures made from triturated mites 
became overgrown with a variety of contami- 
nants. This fact, coupled with the desirability of 
using the forced feeding method, which cannot 
avoid external contamination with P. pestis, led 
to the development of a method for the external 
decontamination of the mites. 

The gram-negative, rod-shaped bacterium 
Serratia marcescens Bizio was selected as a 
convenient marker organism for testing relative 
merits of different sterilization techniques, since 
it is characterized by the production of a red 
pigment. Mites were fed on freshly drawn, lightly 
heparinized mouse blood, to which was added 
the S. marcescens. The mites subsequently were 
killed by 5 minutes of exposure to HCN gas in a 
standard insect killing jar. Next they were trans- 
ferred to a glass tube 8 mm in diameter and 2 to 
3 cm long. Each end of the tube was closed by 
fine mesh bolting cloth held in place by cross 
sections of rubber tubing of a size fitting snugly 


into the open ends of the tube. The assembled 
tube with mites was immersed in the chemical 
agent to be tested; after 3 minutes, tap or dis- 
tilled water was run through the tube for 1 
minute. The mites then were washed in a few 
drops of sterile physiological saline, a loop of 
which was cultured; then the mites were ground 
for culture on blood agar plates. 

Results of the tests are given in Table 1. 
Tincture of Merthiolate® and HCl (pH3) were 
selected as test agents not likely to cause in- 
ternal decontamination after a 3-minute expo- 
sure. Culture of the final wash was negative for 
S. marcescens or other bacteria following Mer- 
thiolate treatment, but positive for these or- 
ganisms following acid treatment. Although the 
final wash of the control was negative for S. 
marcescens, indicating that the mites were 
lightly contaminated externally by the feeding 
method used, numerous other bacteria were 
present in the control culture, in marked con- 
trast to the culture from the Merthiolate treated 
mites. The presence of S. marcescens in triturates 
of all mite specimens indicated that the decon- 
tamination method did not eliminate their in- 
ternal flora. The tincture of Merthiolate decon- 
tamination method was adopted for subsequent 
tests involving P. pestis. 

The presence of viable P. pestis in mites fed 
on an infective source was determined by grind- 
ing each mite separately and culturing on blood 
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agar plates. Details of the bacteriological method 
used are described by Quan et al.’ In addition, 
animal inoculations were made with pools of 
triturated mites remaining after bacterial culture, 
using 1 to 2 ml of physiological saline as a dilu- 
ent. The suspension from each pool was inocu- 
lated subcutaneously into two laboratory mice. 
The animals were observed for 14 to 21 days 
except where earlier death intervened. All plague 
positive cases were confirmed by the usual pro- 
cedures.’ 

Attempts to transmit P. pestis by contact of 
susceptible animals with mites, previously ex- 
posed to infectious blood meals, were made by 
placing the mites in standard culture boxes with 
3- to 5-day-old suckling laboratory mice for ap- 
proximately 24-hour periods. Evidence of mite 
feeding on the host was determined by the 
visible lesions produced. 


RESULTS AND DISCUSSION 


The vector potential of a blood-sucking arthro- 
pod depends in good part upon the readiness 
with which it will feed upon a presumed host, 
and additionally the readiness with which it will 
feed upon that host when it is harboring the in- 
fective stage of a pathogenic agent. Observations 
made by the present writers demonstrated that 
H. liponyssoides hesperus sucked blood readily 
from healthy, suckling laboratory mice and also 
engorged well when placed directly upon a drop 
of fresh, lightly heparinized mouse blood. In 10 
tests, using a total of 168 female mites exposed 
to suckling mice for approximately 3 hours, 75% 
engorged fully. The mites had been starved for 
2 to 3 days prior to testing. In a representative 
test in which 58 similarly starved female mites 
were placed on drops of fresh, heparinized, 
mouse blood for 15 minutes, 29% fed to reple- 
tion, 42% partially engorged, and 29% failed 
to feed. The average amount of blood ingested 
by a female mite engorging to repletion was de- 
termined to be 0.354 mg, a weight double that 
of the unengorged mite. 

In contrast to the readiness to engorge dis- 
played by mites on healthy suckling mice or on 
blood of healthy mice was the reluctance of 
mites to feed on plague-infected mice suffering 
from a terminal bacteremia. Of 120 mites ex- 
posed in groups of 20 each to bacteremic suckling 
mice for periods of 2 to 7 hours, slightly over 8% 
engorged fully, while over 85% showed no evi- 
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dence of feeding. Of 116 mites exposed in groups 
of 10 or less to bacteremic mouse blood by the 
forced feeding method for 15-minute periods, 
less than 2% fully engorged, 50% ingested small 
amounts of blood, and slightly over 48% failed 
to feed. 

Thus, it appears that there is a factor associ- 
ated with P. pestis in the blood rendering it less 
acceptable to the mite. If this is true in the field 
as well as in the laboratory it would seem to 
minimize the potential significance of H. liponys- 
soides hesperus as a vector of plague in nature. 

Survival of P. pestis in H. liponyssoides hes- 
perus. Results of these tests are summarized in 
Table 2. In determining duration of viability of 
P. pestis in mites it was only occasionally possible 
to obtain a fully engorged specimen. The major- 
ity of the data presented in the table thus refer 
to mites which were visibly blooded but only 
partially engorged. Of 14 pools of mites, totaling 
117 blooded specimens, 8 pools were positive for 
P. pestis when based on animal inoculation. By 
this technique, mites were demonstrated to re- 
tain viable organisms up to 23 hours after an in- 
fectious meal, but not for 24 hours. By bacterio- 
logical culture, on the other hand, mites were 
shown to contain viable P. pestis shortly after 
feeding, but most were negative within 4 hours, 
and none was positive when checked at intervals 
greater than 5 hours. 

The fact that viable and virulent organisms 
were demonstrable by animal inoculation for an 
appreciably longer time than when tested by 
bacteriological culture poses an interesting prob- 
lem for speculation. It is suggested that in the 
mite intestine a bacteriostatic factor may effec- 
tively prevent later growth of viable P. pestis 
when the mites are ground and streaked on blood 
agar plates. When this same material is inocu- 
lated into healthy mice the bacteriostatic effect 
may be overcome and the organisms then flourish 
with apparently undiminished virulence. This is 
somewhat analogous to the situation reported 
by Anigstein et al. who demonstrated an anti- 
bacterial factor present in several species of ticks. 
However, attempts to demonstrate such a phe- 
nomenon more definitively in the current studies 
gave negative results. A total of 93 uninfected 
mites, most of which were unengorged, was 
killed and decontaminated by the Merthiolate 
method described earlier. Following this each 
pool of mites was ground in not over 0.1 ml of 
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TABLE 2 
Survival of Pasteurella pestis in Haemogamasus liponyssoides hesperus 


Infectious blood meal 
Hours between . a —_ 





Viability of P. pestis in mites shown by 





infectious meal 
and test of mites 
Source 


Blood drop 
Bacteremic suckling 
mouse 
Blood drop 
Blood drop 
| Blood drop 
| Bacteremic suckling 
mouse 
Blood drop 
Blood drop 
Blood drop 


Intensity of bacteremia 


250 to 700 million/ml 
Smear heavily pos. 


250 million/ml 
200 million/ml 
500 million/ml 
Smear heavily pos. 


500 million/ml 
700 million/ml 
700 million/ml 


Individual 
streak on 
| blood agar* 


12 (28) 
0 (2) 


Animal inoculationt 





Pos.(9) (10) (9) 
Pos. (2) 


2 (10) 
0 (8) 
2 (10) 
0 (2) 


Pos. (10) 
Pos. (8) 
Neg. (10) 
Neg. (2) 


0 (20) 
0 (18) 
0 (19) 


Pos. (10) (10) 
Neg. (10) (8) 
Neg. (10) (9) 





* First figure is number of mites positive and figure in parenthesis is total number of mites streaked. 
t Figure in parenthesis is number of mites in each pool inoculated. 


TABLE 3 
Attempted transmission of Pasteurella pestis to laboratory mice by Haemogamast's liponyssoides hesperus 





Infectious blood meal 
No. of mites | 


Hours between | prours of Evidence | Evidence 


| infectious meal mouse | of feeding of P. pestis 





— tft 
Source | 


Bacteremia intensity 


and mouse-mite | trans- 
| contact | exposure | On mouse | mission 
} 





21 (21) Septicemic suckling 


| Low grade 
mouse | 


0 to7 


19 | Pos. Neg. 





9 (15) | Blood drop ex mori- 


| bund mouse | 


} | | 
200 to 400 million P. 2 | 24 | 
pestis per ml blood 

| 


Pos. Neg. 





25 24 Pos. Neg. 





16 (48) Blood drop ex mori- 
bund mouse 


| 400 to 700 million P. 
pestis per ml blood 


1 to 5 20 Pos. Neg. 





21 to 25 24 Pos. 





| 
| 
| 





Neg. 





* First figure is number of mites visibly blooded; figure in parentheses is number of mites offered 


infectious meal. 


fluid composed of equal parts of a 1% aqueous 
suspension of Attasorb* and of physiological saline. 
Pools composed of 1, 5, 10, and 77 mites, respec- 
tively, were cross-streaked over 4 different strains 
of virulent P. pestis on blood agar plates. No in- 
hibition of the P. pestis growth resulted. 
Attempted transmission of P. pestis to mice by 


* A complex hydrated magnesium silicate pro- 
duced by Attapulgas Minerals and Chemicals 
Corporation, 210 W. Washington Square, Phila- 
delphia 5, Pennsylvania. Use of trade names is for 
identification purposes and does not constitute 
endorsement by the Public Health Service. 


exposure to infected mites. In Table 3 are summa- 
rized the data on mite transmission experiments. 
When 46 visibly blooded mites, which had fed 
upon an infectious blood source, were in turn 
fed upon healthy, susceptible, suckling labora- 
tory mice, no transmission of plague was demon- 
strated. These tests do not preclude the possi- 
bility of an occasional transmission of P. pestis 
by accidental crushing of a mite in a wound or 
by ingestion by the host. The possibility that 
the mites could become infective several days 
after ingesting infectious blood appears remote 
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in view of the negative results obtained in at- 
tempts to isolate viable P. pestis from mites at 
intervals over 24 hours following the infectious 
meal. 

In conclusion, results of the laboratory experi- 
ments presented here provide little support for 
the hypothesis that the mite, H. liponyssoides 
hesperus, may be of significance in the mainte- 
nance of plague in nature. It fed only with great 
reluctance upon laboratory mice suffering from 
an appreciable bacteremia with P. pestis, in 
marked contrast to its ready feeding upon 
healthy laboratory mice. There was a progressive 
loss of viable plague organisms ingested by 
mites, and none were demonstrable 24 hours 
after an infectious blood meal. In laboratory 
experiments no transmission of the infection by 
bite of the mite or direct contact with suscepti- 
ble animals was demonstrated. 


SUMMARY 


Haemogamasus liponyssoides hesperus Radov- 
sky, a parasitic mite commonly taken from nests 
of meadow mice, was tested in the laboratory on 
the hypothesis that it might play a role in the 
maintenance of plague in nature. Techniques for 
forced feeding and external decontamination of 
the mites were developed. Mites fed well on 
healthy suckling mice and on heparinized blood 
from healthy mice, but fed poorly on suckling 
mice suffering a terminal bacteremia with Pas- 
teurella pestis or on plague-bacteremic blood. 
Viable P. pestis were demonstrated to survive 
in the mites up to 23 but not to 24 hours fol- 
lowing an infective blood meal. Bacterial culture 
of triturated mite suspensions proved less relia- 
ble in demonstrating the presence of viable P. 
pestis than did animal inoculation. Mites which 
had fed on an infectious blood source failed to 
transmit the infection by feeding upon suckling 
laboratory mice. 
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Results of the experiments do not support the 
hypothesis that the mite may be of significance 
in the maintenance of plague in nature. 
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The epidemiology of pinta remains rather in- 
complete for lack of evidence on the mechanism 
of transmission or on the existence of vectors 
and reservoirs which may play a role in the 
natural history of the infection. The discovery of 
Treponema carateum as the etiological agent! and 
the study of clinical manifestations, pathology 
and therapy of the disease constituted marked 
and basic advances. Pinta is a disease caused by 
a treponeme very similar to Treponema palli- 
dum. The clinical manifestations can be divided 
into three stages. The primary stage is charac- 
terized by an initial papular lesion which spreads 
on the skin to form an erythematosquamous 
patch 5 to 10 cm in diameter, of irregular and 
raised borders, called in Spanish “empeine”’ or 
‘fjiote.” Later, the disease enters the secondary 
stage in which generalized skin lesions quite 
similar to the original empeine are observed on 
the cutaneous surface of different parts of the 
body; these have been called “pintides’’*® or 
lesions of the roseolic period.‘ The secondary 
lesions, as well as the original empeine, in various 
periods of time, spread and present within their 
limits reddish or bluish discolorations. There is 
the production of hyperkeratosis with marked 
desquamation, itching and formation of fissures 
through which sometimes there is oozing of an 
exudate. In this fluid, as well as in that obtained 
by expression of the initial lesion or the secondary 
lesions, treponemes can be seen in great num- 
bers. In this period there is lymph gland enlarge- 
ment. Frequently a symmetry of the lesions is 
noted. In the tertiary stage the skin shows an 
atrophy with disappearance of the normal colora- 
tion (leukoderma). As the red, blue and white 
spots appear on the face, neck, arms and hands, 
legs and feet, besides other parts of the body, 
psychologically the disease affects the social be- 
havior of the patients. In areas where pinta is 
uncommon it may limit their field of activities. 

Histologically, the alterations are quite similar 
in the primary and in the secondary lesions. A 
chronic inflammatory lesion with acanthosis and 
hyperkeratosis is characteristic. There is depig- 
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mentating basal stratum, an increase of melanin 
in the chromatophores, and an accumulation 
of melanin pigment in the dermis. The papillae 
are prolonged and there is an increased vascu- 
larization of the chorion. In the tertiary lesions 
there is sclerosis of the dermis, atrophy of the 
epithelium, and a marked decrease in the pig- 
ment. 

Zozaya and co-workers® found that the intra- 
muscular injection of penicillin caused trepo- 
nemes to disappear from the cutaneous lesions, 
a fact confirmed by Aguirre Pequefio® with a 
dose of 1,200,000 units. At present the injection 
of 1,200,000 units of penicillin is recommended 
in the treatment of this disease.’ 

The mechanism of transmission of the disease 
is not well established. Some time ago Gonzélez 
Herrején and Ortiz Lombardini® considered the 
possibility of a vector and pointed directly to 
species of the family Simuliidae (black flies), but 
the present consensus is that transmission is by 
direct contact, excluding venereal contact, as 
was emphasized by Leén Blanco® among others. 
However, we have not been able to find definite 
experimental or epidemiological evidence which 
could make one accept any of these hypotheses. 
Gonzdlez Herrején’s experiments showed that 
it is possible to find treponemes in the gut of 
black flies that had previously attacked an in- 
dividual infected with pinta. In the same way 
Leén Blanco found treponemes in black flies 
and bed bugs after feeding them on the cutaneous 
lesions of pinta patients. Aguirre Pequefio 
(personal communication) tried, without success, 
to transmit the infection by making young bed 
bugs, which had acquired many treponemes from 
feeding on a pinta lesion, attack a volunteer. 
Leén Blanco favored direct contact on the 
grounds that the pinta lesion, in one of its stages, 
could be considered as an open lesion and the 
fluid from the fissures, which like the persp*ra- 
tion from the patients contained T. carateum, 
could produce empeines when inoculated by 
excoriations on the skin of volunteers. 

The preceding is a brief summary of our knowl- 
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edge of pinta. Many observations were published 
on the disease before 7’. carateum was discovered, 
including an excellent bibliographic compilation 
by Aguirre Pequefio and Gonzdlez!® and very 
good reviews on the general knowledge by 
Gonzdlez Herrején™ and Beerman.” The epi- 
demiological aspect in Mexico has been de- 
scribed by other authors (vide infra) .18-15 

In the present study we were responsible for 
providing medical service to the people of a 
village situated in a pinta area, and we surveyed 
all the population with the main object of deter- 
mining the epidemiological features of the dis- 
ease in this community. 


MATERIALS AND METHODS 


Apango is a village in the State of Guerrero, 
Mexico, about 300 km south of Mexico City 
(N. long. 99° 28’, W. lat. 17° 40’). The town is 
northeast of Chilpancingo, capital of the State 
of Guerrero. The nearest town to Apango is 
Tixtla, at a distance of 25 km south, between 
Apango and Chilpancingo. Apango is located 
in the Balsas River basin, 40 km south of the 
river. This basin is a wide and long depression 
formed by the Southern Sierra Madre and the 
volcanic axis that joins this mountain to the 
Eastern Sierra Madre. The geographic location of 
Apango corresponds to a small valley surrounded 
by hills of various altitude. The dry season is 
mainly from February to May. The average 
temperature in the summer is 30°C with a maxi- 
mum of 40°C, and in the winter 20°C with a 
minimum of 12°C. The rainy season, with pre- 
cipitation of 250 to 450 mm, extends from June 
to October. The elevation is 789 meters above 
sea level. 

The inhabitants, with a few exceptions, are 
mestizos with marked characteristics of the 
Mexican Indian. They speak Spanish and Na- 
huatl (an indigenous language). The socio- 
economic level is very low. Practically everyone 
works in agriculture. Women, and sometimes 
even children, often help the men in the agri- 
cultural work. The familial house consists of a 
large room with pressed dirt floor, walls made of 
adobe and roof of palm thatch. Sanitary facilities 
are inadequate. The water source and elimination 
of excreta are extremely primitive. 

Large numbers of black flies invaded the town 
and the fields from December to May. In the 
rainy season, from June to October, the black 
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flies were replaced by species of the family 
Culicidae (mosquitoes). There were also Cerato- 
pogonidae (biting midges) and other flies. The 
houses had bed bugs, fleas, and ticks, and in- 
frequently triatoma could be seen. Head lice 
were found occasionally on the people. In almost 
every house domestic animals lived in the back- 
yard, located very close to the house room. 

All members of the family usually sleep in the 
single room. Frequently, several members sleep 
in one bed, it being common for the children up 
to 10 years of age to sleep with their parents. 

The epidemiological survey was accomplished 
by interview and by physical examination. All 
the families in town were visited house by house. 
The interview was held only when the mother 
and at least half of the members of the household 
were present. If these conditions were not ful- 
filled, the house was revisited. In the case of 
pinta patients, a physical examination and a 
clinical history were completed. An inspection 
of the living conditions was made in each house. 
At the same time that the survey was made, 
a map of the houses and backyards was formed 
taking note of the number of patients, household 
members, etc. 


RESULTS 


The survey. Information was obtained on a 
total of 2,110 people, including name, sex, age, 
marital status, occupation, and address. This 
represented data on the total population of the 
town. In 96.4% of the individuals data were ob- 
tained concerning pinta. Of 761 pinta patients 
recorded, 593 (77.9%) were examined clinically. 
As far as the date of onset is concerned we ob- 
tained data in only 49.7% of the patients; in 
the rest, the date declared by the patients was 
unreliable or could not be recalled by them and 
consequently they were not considered when 
making the corresponding tables. With reference 
to previous specific treatment, definite data were 
obtained for only 44.4%, 20.4% affirmative and 
24.0% negative. With the rest, some had been 
subjected sometime in their lives to chemo- 
therapy but did not know what type, or, if they 
knew that antibiotics had been given to them 
because of other diseases, did not know the kind 
and dose. 

We considered as cases those presenting clini- 
cal manifestations compatible with pinta, and be- 
sides them, those who had had the disease even 
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if, because of treatment, they were not showing 
any lesions at the time of the survey. 

Age. Table 1 shows the classification by age of 
the population of Apango. Children less than 10 
years of age represented 28.7% of the popula- 
tion; 50% of the population was less than 20 
years old; and the median fell in the age group 
of 15 to 19 years. The age distribution of the 
pinta patients was different, as the median fell 
among the age group of 30 to 39 years. The spe- 
cific morbidity rates per 100,000 population in- 
creased gradually with age from 1,900 in the 0 
to 4 year group up to 75,500 in those 60 years 
and older. 

Sex. The importance of sex in the distribution 
of pinta was studied considering only individuals 
over 19 years of age, as it was of interest to de- 
termine if the respective activities of adult men 
and women could be related to the prevalence of 
the disease. The proportion of males to females 
was the same in pinta patients, nonpinta persons, 
and in the total population (Table 2). 


TABLE 1 
Distribution by age and age specific morbidity rates 
of total population and pinta patients in 
Apango, Guerrero, Mexico 





Population Pinta cases 


Morbidity rates 
per 100,000 
population 


at | 


1,900 

9,500 
19,900 
29,700 
36,700 
54,400 
65,7 
70,500 
75,600 
75,500 


5-9 
10-14 
15-19 
20-24 
25-29 
30-39 
40-49 
50-59 
60+ 


Total 





| 


anor Kk OD WO 


— — — 
SrnuSHkcesawe 


106 | 








2,033 | 100.0| 761 | 100.0} 37,400 





TABLE 2 


Distribution by sex of pintous and nonpintous 
individuals, 19 years of age and older 





Male: female 


Male Female 
| 


528 | 47.7:52.3 


Total population 483 
Pintous 297 
Nonpintous 186 


323 
205 


47 .9:52.1 
47 .6:52.4 
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TABLE 3 


Adult (20 years and older) male population and 
pinta cases, by occupation 





Pinta cases | 
Total 
population | j 
No. | % 


Farmer 198 q 100 
Worker 372 =| 222 
Other 12 | 3*| 


Occupation Significance 


p = 0.04 





as 
| 








*1 musician, 1 public peer are and 1 barber, 


TABLE 4 
Distribution by age of the wives of farmers and 
agricultural workers with pinta for at least 
2 years 





Age of 
_ wife 
(in years) 


" With pinta 
of husband | | Total |— Significance 


No. 





Farmer 
Worker 


ates i p = 0.76 


| Farmer | 
| Worker | 
| 





2 








Occupation of the men. As was said before, the 
male population could be divided into farmers 
and agricultural workers; very few had other 
occupations. Farmers are defined as the owners 
of agricultural fields, and workers are those who 
received salaries for working under the farmers. 
Most of the time both groups did the same work. 
The authors’ impression was that, in spite of the 
primitive living conditions of both groups, the 
farmers were on a slightly higher socioeconomic 
level. 

The proportion of pinta in the workers was 
slightly higher than in the farmers (Table 3) 
(p = 0.04). It should be mentioned that many 
farmers had been workers in their youth, but 
later had secured agricultural fields. In this town 
it was not possible to establish the existence of a 
group with a clear-cut higher socioeconomic level 
than that of the rest of the population. As the 
prevalence of the disease was slightly lower in 
the farmers than in the workers, it was thought 
that investigation of the disease among families 
of farmers and workers would reveal further 
differences. 

The wives. In order to investigate the fre- 
quency of the disease among the wives of the 
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TABLE 5 
Distribution of pinta by time of acquisition 
among husbands and wives* 





Partners 
Sequence of acquisition among the partners 





Pintous husband and nonpintous | 
wifet 

Husband acquired pinta 
wifeft 

Husband and wife acquired pinta | 
about the same time§ 

Nonpintous husband and pintous | 
wifet 

Wife acquired pinta before hus- 
band] 


before | 





Total 


| 173 | 100.0 
| | 





* Couples in which the disease appeared in both 
partners before marriage are excluded from this 
table. 

t Pintous husband or wife showed the disease 
for more than a year. 

t Wives nonpintous when married. Husband 
acquired pinta before or after marriage. 

§ Pinta acquired in both partners within 1 year 
of each other. 

|| Husband nonpintous when married. Wives 
acquired pinta before or after marriage. 


farmers and workers, we considered only those 
whose husbands had acquired pinta at least 2 
years before we made the survey (Table 4). In 
addition, the wives were divided into two age 
groups, those 19 to 29 years old and those 30 
years and older. The purpose of this separation 
was to determine if the proportion of pintous 
women was different in the first years of mar- 
riage. As shown in Table 4, in the age group of 
19 to 29 years, the percentages with pinta were 
63.6 and 59.4 for farmers’ wives and for workers’ 
wives, respectively, which did not amount to a 
significant difference. However, in the age group 
of 30 years and older, it was observed that the 
wives of the workers showed an infection rate 
much higher than that of the farmers’ wives, 
which indicated that pinta in the women was 
directly related to the occupation of the hus- 
band. 

Marriage. The previous data raised the ques- 
tion of whether marriage with a sick person could 
result in the infection of the partner, and if this 


559 


happened, what the intensity of this factor would 
be. Analysis was made of the distribution of pinta 
by married couples excluding those cases where 
both husband and wife had acquired the disease 
before marriage. Table 5 presents the distribution 
of the 173 couples and shows that there were 
many cases (42.8%) where the husband, but not 
the wife, had pinta. Similarly, in 23.1% of the 
cases, the wife was sick and the husband was not. 
In summary, in 65.9% of the couples, one of the 
partners was sick while the other had no apparent 
disease. The relative number of couples in which 
the wife got sick after the husband, who de- 
veloped the disease before or after marriage, was 
19.1%; and 8.1% of the husbands developed the 
disease after the wife. Only 6.9% of the couples 
got sick within 1 year of each other. The high 
percentage of couples in which one of the partners 
did not show pinta could not be attributed to 
the brief period of marriage, because in this 
town there were few recent marriages: 6.2% had 
been married 3 years or less and 20.9%, less than 
5 years (these data are not shown in the tables). 

Table 6 gives the time of appearance of the 
disease in the wife after marriage to a pintous 
man or after the husband had developed pinta. 
In 44.4% of the couples the disease appeared in 
the wife in the first 2 years after contact with the 
sick husband; and in an accumulative way, in 
79.9% of the couples, the disease in the wife ap- 
peared after 5 years or less of living with the sick 
husband. Mention should be made that the hus- 
bands who acquired the disease after the wives 
showed a similar tendency, but owing to the small 
numbers a table is not presented. 

Children. The previous observations had in- 


TABLE 6 
Interval between the date of first contact with the 
pintous husband and onset of the disease 
in the wife 





Years of living with pintous husband* 





0-2 | 3-S 6-10 11+ 





No. | % |\No.| % |No.| % |Noj| % |No.) &% 





| 2.2 45) 100.0 








* This interval corresponds either to (a) years 
of marriage, if husband had acquired pinta before 
marriage, or (b) years of sickness of the husband, 
if he acquired pinta after marriage. 
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dicated that the prevalence of the disease in the 
wives of pintous workers was higher than in the 
wives of the pintous farmers. Therefore, we ex- 
plored the prevalence of the disease in the chil- 
dren of both groups of sick men. In this village 
the percentage of sick children in the age group 
0 to 4 years was low, and there was no significant 
difference between children from the two groups 
(Table 7). But in children in the age group 5 to 
14 years it was observed that the prevalence of 


TABLE 7 


Distribution of pinta in the children of pintous 
farmers and agricultural workers, by age 





| With pinta | 
Age of = 7 | 

children | ae whee Total* |—— 
(in years) | 


Significance 


| 
| -_ 


0-4 | Farmer| 48 
| Worker | 112 


1 | 
| 4| 





5-14 | Farmer / 102 | 6 5.9 

| Worker | 154 | 34 | 22.1 
| 13 | 30.2 | 
56 | 24 | 42.9 | P 





| Farmer 43 


| Worker | 


15-19 = 0.20 





* The population studied in this table included 
193 children of 68 farmers (2.8 children per 
farmer), and 322 of 119 workers (2.7 children per 
worker). 
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pinta among the workers’ children increased con- 
siderably, with a percentage of 22.1 against only 
5.9 for the farmers’ children. This is a highly 
significant difference. Finally, in studying chil- 
dren 15 to 19 years old the difference between 
percentages was not significant. These data 
showed that at least in certain age groups, the 
occupation of the pintous father had some rela- 
tion to the prevalence of the disease in the chil- 
dren. 

If the father’s occupation had an influence on 
the frequency of the disease in his children, it 
would then be interesting to determine the re- 
lationship between the disease in both parents 
and in their children. Consequently, a distribu- 
tion of the children was made according to the 
disease in the father and in the mother, not in- 
cluding the families where other adult pintous 
patients were present (Table 8). Only children in 
the age group 5 to 19 years, not the younger ones 
in whom the disease was rare nor the older ones 
who could be under the impact of other factors 
not related to parents, family, or household, were 
considered. When both father and mother had 
pinta, 18.2% of the children 5 to 14 years of age 
and 33.8% of those 15 to 19 years of age showed 
symptoms of the disease. If the father was sick 
and the mother was not, the percentage dropped 
to 4.8% in the children 5 to 14 years old, and to 
13.8% in those 14 to 19 years old. When the 


TABLE 8 
Distribution of pinta in children of couples in different situations concerning the disease, by age 





Children 


Total 





5 to 14 years old 
Pinta in parents* 


| 
| 15 to 19 years old } | 





Total 


With pinta 


| 
| With pinta | 
Total 5 } 


No. % 


| % with pinta 





Father + | 187 
Mother + 


| 
es | 23 | 33.8 | 


| 





Father + 
Mother — 





Father — 
Mother + 


a | 


| 
3 | 23.1 | 





Father — | 77 
Mother — | 


0.0 





* (+) = pintous and (—) = nonpintous. 
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TABLE 9 
Significance of the difference in the percentages 
when comparing the groups of parents in 
different situations concerning pinta 
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Mother + 
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Father — 
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*(+) = pintous and (—) = nonpintous. 
father did not have pinta and the mother did, 
14.6% of the children 5 to 14 years old and 23.1% 
of those 14 to 19 years old had pinta. Finally, 
in the 88 cases where neither father nor mother 
had pinta, none of the children had the disease. 

Significance tests (Table 9) indicated that the 
presence of the disease in either parent was an 
important factor in determining the frequency of 
disease in the children. There was greater prob- 
ability that the children would have pinta if both 
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TABLE 10 


Pinta in the children, 5 to 14 years old, of pintous 
parents, by number of members in the household 





Children, 5 to 14 years old 





No. household 


saehabers No. families 


Pintous 


No. 














| 








parents were pintous than if only one were; and 
it seemed that the presence of the disease in the 
mother was more determinant than the presence 
of the disease in the father only. 

Crowding. Data that we were interested in, 
such as the number of people by room or by bed, 
were subjected to so many variations and errors 
that we could only evaluate crowding by the 
number of persons in each house. Consequently, 
it was decided to study the distribution of pintous 
and nonpintous children 5 to 14 years of age 
whose parents had pinta (either one or both), by 
the total number of members in the family. The 
results presented in Table 10 did not show any 
trend so it was not possible to detect an influence 
of crowding. Consideration of crowding as ex- 
pressed by the number of pintous adults by family 
also did not show any peculiarity and is not 
presented. 

Nonpintous families and their neighborhood. Of 
the 519 families, 68 did not show a single case of 
pinta. It was of interest to determine if these 
families showed any special characteristics con- 
cerning their neighborhood, or if they lived in 
special zones of the town. These 68 families were 
grouped according to the pinta infections in their 
adjacent neighbors. Table 11 shows that these 
families were frequently associated with neigh- 
bors who had pinta. These houses were not close 
to empty lots, but on the contrary were evenly 
distributed throughout the town and the families 
frequently associated with neighbors who had 
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pinta. It should be mentioned that in the majority 
of the houses the backyards were common and 
the children from different houses played to- 
gether. 

To determine if crowding within the home 
among these nonpintous families was similar to 
that of the rest of the families in the town, or if 
the number of family members was a limiting 
factor in dissemination of the disease, a distribu- 
tion of these families and of the rest in the town 
was made by the number of members (Table 12). 
Both distributions were essentially the same. 
Data not shown here revealed that a statistically 


TABLE 11 
Pinta-free households by kind of neighborhood 





Neighbors on each side* No. 





2 pinta-free families 1 

1 pinta-free and 1 pintousfamily | 5 | 

2 pintous families | 34 

1 pinta-free family andanempty | 2 
lot | 

1 pintous family and an empty | 20 
lot } 

2 empty lots | 6 


Total | 68 | 

* Pinta-free families are those not having a 

single case of pinta in the household, while 

pintous families are those having at least one 
pintous member in the household. 
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TABLE 12 


Pinta-free and pintous families, by number of 
members in the household 





| 
Pintous families | Pinta-free families 


No. members in | 
household reg 


26.5 
20.6 
10.3 
5.9 
8 4.4 
9 11 0.0 
0+ 9 0.0 


Total 451 100.0 68 100.0 
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TABLE 13 
Age at onset of the disease in two different groups of 
cases, determined by observation of the primary 
lesion or by questioning 
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higher percentage of these pinta-free households 
belonged to farmers, as compared to the distribu- 
tion of farmers’ households in the town. 

The primary lesions. The empeine or jiote is 
considered as the initial lesion resulting from the 
evolution and extension of a small papule, and 
lasting with its own characteristics from several 
months to a few years. Since 44 patients were 
seen with this initial lesion, and in the interview 
they emphasized not having had pinta before, it 
was interesting to ascertain the attack rate by 
age. Table 13 shows the percentage distribution 
and indicates that all ages were attacked, but 
that the majority of the primary cases were in the 
age group 10 to 29 years. It was not possible to 
determine the month or even the season in which 
the empeines appeared, because, in general, the 
patients noted them only after appreciable ex- 
tension of the lesions. 

A distribution by age of 378 cases where the 
age at onset was obtained by questioning is shown 
in the same table. This distribution was very 
similar to the one obtained from the cases with 
an initial lesion. Of the 593 patients observed, 
7.5% were in the primary stage, 56.5% showed 
discoloration of lesions, and 36.0% showed mainly 
depigmentation. 

Serology. Very limited serological studies were 
made, and then only as a complement to the 
clinical diagnosis of pinta. Tests for the V.D.R.L. 
reaction were done by a bacteriologist from Chil- 
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pancingo, Guerrero. The tests were positive in 
titers that varied from 1:16 to 1:64. All the pa- 
tients gave a positive reaction with the exception 
of 6 of 11 with the initial lesion, and 4 of 40 with 
depigmentation; but these had been treated be- 
fore. In all 78 cases with lesions showing dis- 
coloration, reaction was positive. 

Treatment. At the end of the survey treatment 
was instituted for 400 cases on a voluntary basis. 
Adults were given 1,200,000 units of penicillin, 
1-(p-chlorobenzy])-2-pyrrolidil-methyl benzimid- 
azol penicillin G, generously provided by Lab- 
oratorios Grossman of Mexico, D. F. The results 
of this chemotherapeutic study will be published 
separately. 


DISCUSSION 


This epidemiological study of pinta was made 
primarily to obtain indirect evidence of the 
mechanism of transmission of this infection and 
to reveal factors that could have an influence on 
the dispersion of the disease. 

The percentage distribution of cases by age 
showed that in Apango only 4.1% of the study 
cases were 0 to 9 years of age and 18.6% were 
younger than 20 years of age when they became 
infected. Our statistics refer to the prevalence of 
the disease, as it includes new as well as old cases. 
Other authors indicated that this disease ap- 
peared primarily among children and youngsters 
in Mexico; however, we think that their statistics 
referred only to new cases. In this respect Ma4r- 
quez et al. indicated that the percentage dis- 
tribution by age of 133 cases inclined markedly 
towards childhood and adolescence, as 61.6% 
were under 15 years of age. Similar data were 
published by Edmundson e¢ al., in which more 
than 50% of 83 cases were under 20 years of age. 
The statistics of Varela et al.!® are inclined 
slightly more towards the adults, the median 
falling between 20 and 29 years of age. The only 
data from our study that could be compared with 
the above would be the distribution of new cases 
by age, as these cases actually show the initial 
lesions as well as those classified by age at onset 
of the disease (Table 13). The data on these cases 
are very similar to those obtained by other au- 
thors. 

The age specific morbidity rates of this study 
increase progressively to reach the rate of 75,500 
cases per 100,000 population at the age of 60 
years and older. It is interesting to observe that 
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undoubtedly the figures tend to be accumulative, 
which is logical as we are studying the prevalence 
of a chronic disease. In several statistics of 
Western equine and St. Louis encephalitis it has 
been reported that the infection affects either all 
age groups'®-!? or mainly the men who are more 
exposed because of their type of work." Besides 
this, in diseases like tuberculosis and leprosy 
which are considered to be transmitted by direct 
contact, infection curves are seen which progres- 
sively increase with age;!* thus, it is not possible 
to make an analogy with the distribution by age 
found in the attack rates of other diseases. 

It was hard to find ponderable differences in 
the costumes, levels of life, dwellings, etc. of the 
two groups, the farmers and the agricultural 
workers. In both cases the working conditions 
were very similar, as was the distribution in the 
town and in the field. Nevertheless, the impres- 
sion was gained that the living conditions of the 
farmers were better than those of the workers, 
which implied in itself a series of factors most 
difficult to appraise, but that were shown by a 
larger number of possessions (animals or house 
implements), better hygiene and personal ap- 
pearance, more schooling and better food. 

The study of wives gave us a more direct idea 
that there was something in the habits of the 
workers that influenced the increase in the prev- 
alence of the disease in their wives as compared to 
farmers’ wives. The distribution of the pintous 
and nonpintous wives by age revealed that in the 
first years of marriage the frequency of the dis- 
ease in both groups of wives was about the same. 
It could be interpreted that both groups started 
with the same proportion of pintous women but 
that as time passed by the proportion became 
much larger in the workers’ wives than in the 
farmers’ wives. 

The distribution by couples according to the 
presence of the disease in the partners showed 
that there was a large proportion in which one 
was not showing the disease in spite of the fact 
that the other had pinta. This led us to think 
that if the transmission were by direct contact it 
occurred in a very slow fashion, but that in the 
long run it was quite effective. Obviously, another 
alternative would be that the incubation period 
of the infection is very long. If the spreading of 
the disease were slow it would be logical to think 
that repeated exposures to the source of infection 
are required or that the lesions are not as open 
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as has been thought, or that the period of con- 
tagiousness of the patient is very short. In this 
respect, we should recall that, in the study of the 
women married to pintous men, there were many 
who had not contracted the disease, but when the 
disease appeared it was usually within a short 
time after marriage. 

Interesting data were obtained in analysis of 
the prevalence of the disease in the children of 
pintous farmers and workers. At least in the age 
group of 5 to 14 years, the difference in the per- 
centages of sick children was highly significant, 
which pointed to a direct relationship between 
the occupation of the father and the probability 
of the disease in the children. All these data 
pointed to the parents as an important factor in 
the frequency of the disease in their children. 
When comparison was made of the incidence of 
pinta in the children of the four possible combina- 
tions of pintous and nonpintous fathers and 
mothers, it was observed that the parents played 
a very important role as a factor in the incidence 
of pinta in their children. These were the most 
interesting data of our study because we think 
they lead to the conclusion that transmission 
was largely through sources intimately related 
with the familial household and with the adult 
people that lived in it, as, for example, the par- 
ents. Leén Blanco’s data®® showed the improb- 
ability of finding pintous children in houses where 
no pintous adults lived. However, all these data 
differ from those published by Varela and Avila! 
who in another study of pinta in the State of 
Guerrero did not find any correlation between the 
frequency of the disease in the parents and in 
their children. This, logically, indicates the im- 
portance of doing more surveys in order to clarify 
possible variations in the characteristics of this 
infection in different areas. 

As far as insects are concerned, we think that 
our data on the correlation of the disease with 
the house and the family may exclude the black 
flies and ceratopogonides, as well as other wide- 
range flying insects, as vectors of the infection, 
on the grounds that it is well known that black 
flies and ceratopogonides attack preferentially 
during the day and in the open, and also move 
quickly, especially when carried by the air. Along 
this line, it does not seem that the transmission 
of the disease among the children is a frequent 
factor, in spite of the fact that they are under 
heavy attack of insects during the day. Never- 
theless, there still remain to be considered as 
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possible vectors household insects, such as bed 
bugs, ticks and triatomids, as well as lice. 

It seems that the epidemiological characteris- 
tics of pinta do not differ very much from those 
known of tuberculosis and leprosy, which are 
considered to be transmitted by direct contact. 
In these diseases there is a relatively high fre- 
quency of infections in the contacts, especially if 
the patient is one of the parents. Besides this, 
tuberculosis as well as leprosy is more common in 
the lower socioeconomic classes; and, although 
the dispersion is slow, the infection spreads in the 
contacts, there being a definite relationship be- 
tween the low hygienic level and the low age at 
which the highest percentage of infections is at- 
tained. As far as leprosy is concerned, it is known 
that continuous and prolonged contact with 
cases is usually required; and, even so, the con- 
tagion among the married partners is relatively 
low when compared with the proportion of sick 
contacts found among the children and siblings 
of the patients.” It is interesting to observe that 
in the review on the familial susceptibility to 
leprosy made by Aycock,” it is cited that Sand 
and Lie studied 2,010 children of 587 couples 
suffering from Hansen’s disease, 7% showing the 
disease when only the father was sick, 14% when 
the mother was sick, and 26% when both parents 
were diseased. The similarity between these data 
and those obtained on pinta by us is striking. 
Moreover, in leprosy, geographic localization is a 
dominant factor in the spread of the disease. 
Mention should be made that Davey™ has found 
that there is a close resemblance in the epidemi- 
ology of leprosy and yaws. 

There is still the possibility of a selective 
genetic predisposition or hereditary susceptibility 
to the disease as has been emphasized in leprosy. 
We are not aware of a study on these grounds in 
pinta. We were impressed to discover several 
families, free from the disease, who stated that 
they had not had it for two generations. 

Finally, we believe that in this study we have 
shown evidence that pinta is an infection which 
is transmitted mainly in the home from adults to 
other adults or children. 


SUMMARY 


With the purpose of contributing to the knowl- 
edge of the epidemiology of pinta, a survey was 
made by interview and physical examination of 
the total population of a village called Apango, 





EPIDEMIOLOGY 


in the State of Guerrero, Mexico. This town is 
situated in a pinta-affected area. 

Among the 2,110 inhabitants, 37.4% had pinta. 
The age specific morbidity rates per 100,000 
population increased progressively from 1,900 in 
the age group 0 to 4 vears to 75,500 in the 60 
years and older group. The disease attacked all 
ages. 

In the wives, as well as in the children, a 
marked relationship was found between the oc- 
cupation of the head of the family, farmer or 
agricultural worker, and the prevalence of the 
disease. It was highest in the agricultural workers 
and their families. The presence of the disease in 
the parents was an important factor in the fre- 
quency of the disease in the children. 

The data pointed to pinta as an infection con 
tracted as a consequence of factors intimately 


related to the familial household and to the pres- 


ence of pintous adults in the family. 
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Various authors attribute the decline of murine 
typhus fever in the United States to insecticides, 
rodenticides, antibiotics, and general sanitation, 
emphasizing the 
dust to 


explained 
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kill rat fleas 
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insecticides by rat fleas been considered 
ideas are even more disquieting because of dis 
satisfaction today with programs which involve 


widespread broadcast of poisonous chemicals 
without ecological information on the interactions 
of pests, predators, competitors and insecticides 

The objectives of the present study were to con 
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fleas to reduce ab 
control in Puerto Rico, to find 
to other rat 


further 


greatly in population in the 
ol designed 
this tend 


parasites, to 


SeTIC et 


out if ney applied ecto 


ind uncover leads for In 


vestigations 
Wooden 
catch 


box 


illve 


traps baited with bread, which 


rats were used They are 


the 
but catch mort 


not only 
unbaited Victor No. 0 


rats; moreover, ectopara 


more humane than 
traps 


ind 


sites their associates are less likely to escape 
rhe trap with the rat inside is placed in a large 
cloth bag and put in a garbage can, and 50 ml of 
commercial ether is added, allowing 5 minutes to 
kill the rat, or 2 minutes for anesthesia if blood 


is to be taken; then the rat is quickly removed to 


another smaller bag which is placed in a cracker 
ether 


can with more lhe trap and the bag which 
contained it 


the 
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material collected in a Petri dish. Material 
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from empty traps which did not capture rats is 
collected in the same way in other Petri dishes. 
The rat itself, after 


forceps under a bright light, is vigorously combed 


careful examination with 


so that considerable hair is removed. This hair is 
placed in another Petri dish in a detergent solu 
tion (500 ml tapwater plus 1 ml Triton-X-100), 
so that mites which attach to hair (Listrophoridae 
are found easily. Records are kept as to whether 
the identified arthropods came from the rat it 
self, the trap, or the empty traps 

The streets from which the rats came were the 
same for the most part as in the previous vears 
and were trapped in general during the same 
months of each year. As formerly, they were 
located in the districts of the City of San Juan 
known as La Perla, Old San Juan, and Puerta de 
Tierra, which make up San Juan Islet, and in 
Santurce. Although the work was in progress for 
than 4 December 1956 to 31 
1960, complete analysis of the data 
was made using the dates 15 April of 1 vear to 4 


May 


comparisons with previous studies. The number 


more years, 7 
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and species of rats captured by month for the 
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what the rate had been in 1957-58 and 1958-59, 
but it was still at half the 1954-55 level. Rattus 
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are caught on cement and rooitops, in 
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vards of the old tenement-ty pe houses (Figure 2, 
\, B, C), all fairly well sanitated. La Perla and 
Puerta de Tierra showed a steady decline in rat 
flea abundance, and 1959-60 rates far 
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TABLE 1 
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easily cross from one house to another, and from 
the outside. Most of th Puerta de 
Tierra collected from a large premise 


(School of Medicine 


rats Irom 
were 
where general pest control 


involving insecticiding for dog ticks and roaches 


as well as rat poisoning is carried on; however, 


rats are able to run in and out of the buildings. 
Here, in 1957-58, of 100 rats collected 20°; were 


infested: in 1958-59, of 109 rats 11°% were in 


rats captured each month from 15 April to 4 May of the years indicated 


1958-1959 1959-1960 


Santurce San Juan Islet Santurce San Juan Islet 


R.n R.n R.r 
14 
14 


20 


11 


TABLE 2 

Vumber 
Old Juan, 
April 1954 to 4 


1957 


and Spectes of 


rats collected in La Perla, 
de Tierra p 146 


Vay 1955 and during the same 
58, 1958 


San and Puerta from 


pe riod in 59 
the 
cheopis and the 


and 
with 


1959-60, com- 


paring per cent infested 


Xenopsylla 


mean number of specimens 


La Perla 
ns." 


{.n.F 


64 75 
168 110 
Inf. % 2 13 0. 
Mean ) oO 0 0 
Old San Juan 


tur. 


66 
32 
Inf. © 2 
Mean 
Puerta de Tierra 

tor 
t.n 
Inf. % 37 


Mean 0.99 


t.n 


29 
Od 


*R.r. = 
tR.n. = 


Rattus rattus. 


Rattus norvegicus 





FOX 


Fic. 2. Rat habitats in the districts of the City 
5 January 1961. C 
Perla, 30 


Santurce 


Cruz Street. Old San Juan 
1961. D 


106] I Jackvard 12 


Cementerio Street La 
Progreso Street, 
1959-60, of 46 rats 8.7% 


ind in were 


Hence, the rate of reduction in rat fleas 


fested; 
infested 
Was much slower than in La Perla, where pest 
control efforts were not so strong 


Figure 3 indicates the streets where \ cheopis 


of San Juan. A 
Court vard, 
December 1960. E 


AND GARCIA-MOLL 


and B 


156 Cristo Street, Old San Juan, 5 January 


tooftop and penthouse, 58 


Progreso Street, Santurce, 4 January 
1961 


January 


specimens were found in Santurce and the num 


ber of rats taken in the zones where the streets 
are located. Complete analysis of the data was 
made considering the whole study area, Santurce, 
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the distribution of rat fleas. Certain streets, as in 
the Labra Street zone, were entirely free of fleas, 
and others yielded 0 to 3 specimens in different 
years. Only one, Rosario Street, was infested for 
the whole 3 years; but there was a great reduction 
in the number of fleas collected by the time the 
surveys ended. Thus in this street from 16 July 
1957 to 25 October 1957, 17 rats were collected of 
which all were infested with 30 specimens of X. 
cheopis; from 4 December 1957 to 17 December 
1958, 15 rats were collected of which only one was 
infested with 7 fleas; and from 6 August 1959 to 
20 December 1960, 7 rats were taken with only 
one infested with but one flea. Rattus norvegicus 
is the dominant rat species in Santurce where it 
abounds in sections characterized by unpaved 
streets and frame houses with much ground 
around them. Sanitation in such places is often 
at a low level, as shown by the illustrations 
(Figure 2, E, F) of Progreso Street. Nevertheless, 
of 103 rats, all R. norvegicus, taken in Progreso 
Street from 19 June 1957 to 2 December 1960, 
only one was infested, and by one specimen of X. 
cheopis, taken 26 June 1957. This does not support 
the idea that general sanitation plays a significant 
part in reducing rat fleas. 

Inasmuch as San Juan Islet and Santurce are 
separate ecological units with marked dif- 
ferences in the rat population, the data from each 
are alluded to separately as well as together. Six 
ectoparasites were common enough to gauge 
variation in abundance by use of the infestation 
percentages and means: a flea, X. cheopis (Roths- 
child); a tick, Ornithodoros puertoricensis Fox; 
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Fig. 3. Map of Santurce showing the number of 
specimens of Rattus norvegicus, Rattus rattus, and 
Xenopsylla cheopis collected in the streets and 
zones. 
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Fic. 4. The relative abundance of Xenopsylla 
cheopis, Laelaps nuttalli, Ornithonyssus bacoti, 
Ornithodoros puertoricensis, and Polyplaz spinulosa 
as shown by infestation per cent for the period 15 
April to 4 May of the years indicated. (Cross- 
hatched bar for San Juan Islet, stippled for 
Santurce, and superimposed white for San Juan 
Islet plus Santurce.) 


a louse, Polyplax spinulosa (Burmeister); and 
three mites, Laelaps nuttalli Hirst, Ornithonyssus 


bacott (Hirst) and Listrophoroides expansus 
Ferris.“ The relative abundance of each, except 
for L. expansus, is shown in Figures 4 and 5. L. 
expansus was not studied in 1946-47; however, in 
subsequent years the infestation rates for San 
Juan Islet plus Santurce were as follows: 1954-55, 
20; 1957-58, 14; 1958-59, 23; and 1959-60, 30. 
In San Juan Islet a steady decline in abun- 
dance of X. cheopis was manifest so that by 1959- 
60 there was a 20-fold reduction from the 1946-47 
level. The rate for O. puertoricensis declined to 
about one-fifth the original figure. P. spinulosa 
was inconsistent, showing a great increase in 
1954-55 and then decreasing. L. nuttalli con- 
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Fig. 5. The relative abundance of the same 
species as in Figure 4 as shown by the mean. 
(Cross-hatched bar for San Juan Islet, stippled for 
Santurce, and superimposed white for San Juan 
Islet plus Santurce.) 


sistently increased. O. bacoti increased greatly in 
1954-55 and then remained about the same. L. 
expansus fluctuated but indicated a definite 
tendency to increase in the last 3 years. Only X. 
cheopis and O. puertoricensis unequivocally were 
decimated; the others either were about the same 
by 1959-60 or increased. In Santurce reduction in 
abundance of X. cheopis was faster than in San 
Juan Islet, for by 1954-55 only 5.0% of the rats 
were infested compared with 26% on San Juan 
Islet at that time. However, by 1959-60 both 
Santurce and San Juan Islet were at the same 
level, 2 to 3%. O. puertoricensis also showed a 
marked decrease through the years; but the other 
ectoparasites increased or within limits remained 
about the same, L. nuttalli in particular showing 
remarkable increases from year to year. The over- 
all picture, San Juan Islet plus Santurce, is that 
X. cheopis, in 1946-47 the most abundant ecto- 
parasite with 54% of the rats infested, steadily 
declined so that it was the least abundant of the 


six common species by 1959-60 with only 2.6% of 
the rats infested and, similarly, the mean de- 
clined greatly. A steady decline was shown by 0. 
puertoricensis as well, but the other ectoparasites 
were more abundant in 1959-60 than they were 
in 1946-47. Most remarkable is the inverse rela- 
tionship which seems to exist between X. 
cheopis and L. nuttalli so that as the latter in- 
creases in abundance the former decreases. 

On a calendar year basis (Table 3) a great re- 
duction in infestation with X. cheopis occurred in 
San Juan Islet plus Santurce in 1958 and slight 
increases in 1959 and 1960; or, better stated, the 
infestation per cent fluctuated between 1 and 5. 
This is to be expected inasmuch as the distri- 
bution of fleas is spotty rather than generalized 
and, when the infestation level is very low, chance 
plays an important part in catching a flea-in- 
fested rat. The infestation rates shown in Table 3 
were based on 719 rats taken in 1946, 478 taken 
in 1954 from 4 April to 31 December, 270 taken in 
1955 from 1 January to 1 September, 959 taken in 
1957, 770 taken in 1958, 582 taken in 1959, and 
438 in 1960. 

In Table 3 data from official Weather Bureau 
reports of the City of San Juan for the calendar 
years of survey are given to show that fluctuations 
in precipitation, humidity, and temperature do 
not explain the reduction in rat flea abundance. 
Of these three climatic factors only precipitation 
was highly variable. Although the annual inches 


TABLE 3 


Percentage of rats collected in San Juan Islet plus 
Santurce which were infested with Xenopsylla 
cheopis and the mean for calendar years indicated 
with the annual rainfall in inches, the average 
July relative humidity, and the average January 
temperature in degrees Fahrenheit from official 
Weather Bureau reports for the City of San Juan, 
Puerto Rico 
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of rainfall decreased or increased over a range of 
more than 25 inches, the infestation rate steadily 
decreased; thus in 1946 when 56.5% of the rats 
were infested there was only about 3 inches less 
rainfall than in 1955 when only 10.4% of the rats 
were infested. An average January temperature of 
47°F or higher and a high humidity (July noon, 
50 to 60%) are said to be favorable for the 
propagation of rat fleas in the United States,“ 
but this is not confirmed by the situation in 
Puerto Rico. San Juan has a very mild climate 
with only slight differences in average tempera- 
tures between the warmest and coolest months 
and with an absolute range of temperature of 
62°F to 96°F. During the calendar years when the 
surveys were accomplished average January 
temperatures varied from 75.0°F to 76.9°F and 
the average annual temperature during these 
years varied over a range of only 2 degrees. The 
highest temperature in January, 1946, was 83°F 
and the lowest 68°F; the highest temperature in 
January, 1960, was 88°F and the lowest 69°F. 
The average July relative humidity recorded at 
synoptic hours, 2:00 a.m., 8:00 a.m., 2:00 p.m., 
and 8:00 p.m., AST, varied from 77 to 84% in 
1946 when 56.5% of the rats were infested with 
fleas and from 71 to 87% in 1958 when only 1.4% 
were infested. 

To ascertain rat infection with murine typhus 
fever, blood specimens from 998 rats captured 
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Fig. 6. Number of cases of murine typhus fever 
reported from Puerto Rico, the black portion of 
each bar indicating the number of cases from the 
City of San Juan, 1944-1960, from Puerto Rico 
Department of Health records; and the number of 
cases reported from the United States for the same 
period from U. 8S. Public Health Service reports, 
the 1960 figure pertaining to the first 46 weeks. 
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from 7 December 1956 to 8 May 1958 were sub- 
jected to the complement fixation test by the 
modified Kolmer method using group specific 
typhus antigen prepared by the Department of 
Virus and Rickettsial Diseases, Walter Reed 
Army Institute of Research. The tests were 
performed by Miss Edna E. Nieves under the 
direction of Major Robert I. Anderson of the 
U. 8. Army Tropical Research Medical Labora- 
tory, San Juan, Puerto Rico. Of the 998 rat sera, 
804 were negative at 1:10 dilution and 194 were 
anticomplementary. According to the districts of 
the city the results were as follows: Santurce 
—negative, 316 and anticomplementary, 155; 
La Perla—negative, 231 and anticomplementary, 
23; Old San Juan—negative, 139 and anti- 
complementary, 3; Puerta de Tierra—negative, 
118 and anticomplementary, 13. The results 
indicate that the more abundant ectoparasites, 
L. nuttalli, O. bacoti, and L. expansus, cannot be 
significant in the transmission of murine typhus 
fever from rat to rat. 

The incidence of human cases of murine typhus 
fever in Puerto Rico followed the same course in 
general as it did in the continental United States 
as shown by Figure 6. Since 1954 no cases have 
occurred in the City of San Juan. Inasmuch as 
flea infestation in recent years was found to be 
very low, and disease infection among the rats 
could not be demonstrated, there is no basis for 
doubting the recorded morbidity, and it is un- 
likely that there are hidden, unreported cases. 
By the same token there is no reason to postulate 
that the use of antibiotics had anything to do 
with this low rate in Puerto Rico. 


DISCUSSION 


In the preceding pages evidence is given to 
show that direct action of insecticides and 
rodenticides, general sanitation and pest control, 
the use of antibiotics, and climate do not explain 
the recession of murine typhus fever in Puerto 
Rico. The immediate cause of this recession in 
the disease was clearly the decline in population 
of the rat flea, X. cheopis, which occurred while 
certain other ectoparasites increased and the rat 
population remained high. This indicates the need 
for knowledge of the interactions of rat fleas and 
their insect and mite associates, and future in- 
vestigations should be made along such lines. It 
is possible that the disease disappeared from 
Puerto Rico for reasons different from those 
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which accounted for its elimination from the 
United States. However, since the epidemiological 
circumstances were so similar it seems more likely 
that the same basic factors applied in both 
places. As pointed out previously we do not 
believe that the spraying of insecticides for 
mosquito control had any significant direct effect 
on the rat flea population.® Residual spraying for 
the purpose of malaria eradication has not been 
necessary in San Juan because Anopheles are rare 
there, but perifocal DDT spraying for Aedes 
aegypti is practiced. The aegypti spraying program 
began in 1954, which was after the rat flea popula- 
tion had already decreased markedly; in Santurce 
in 1946 a survey showed 51% of the rats infested 
with X. cheopis, but in 1948 only 14% were 
infested. The manner of applying the spray 
makes it unlikely that rat fleas would be con- 
trolled, for only the immediate area where 
aegypti is found breeding is treated. Likewise, the 
space spraying activities of householders prob- 
ably do not affect rat fleas, for floors, outbuildings 
and rat harborages in patios are not ordinarily 
sprayed. Experiments conducted by the U. 8. 
Public Health Service have indicated that it is 
necessary to apply DDT spray directly to rat 
harborages before good control of X. cheopis 
can be expected, and failures to obtain satisfac- 
tory control even by spraying have been re- 
ported.” 


SUMMARY 


A rat ectoparasite survey of the City of San 
Juan, Puerto Rico, was made from 7 December 
1956 to 31 December 1960. Data obtained from 
964 rats collected from 15 April 1957 to 4 May 
1958, 747 rats collected in 1958-59, and 573 in 
1959-60 were compared with similar data ob- 
tained in 1946-47 and 1954-55. In 1946-47 54% 
of the rats were infested with Xenopsylla cheopis; 
in 1954-55, 16%; in 1957-58, 6.0%; in 1958-59, 
3.3%; and 1959-60, 2.6%. Other common rat 
ectoparasites, Laelaps nuttalli, Ornithonyssus 
bacoti, Listrophoroides expansus, and Polyplax 
spinulosa increased in abundance. In particular, 
L. nuttalli showed marked increases. Ornithodoros 
puertoricensis which affected 26.8% of the rats in 
1946-47 infested only 5.4% in 1959-60. Designed 
rat flea insecticidal control measures have never 
been applied in Puerto Rico. The rat population 
has always been high. Fleas were uncommon in 
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poorly sanitated areas and more often found in 
well sanitated places subject to other pest control 
activities. Weather Bureau records indicated that 
precipitation, humidity or temperature could not 
account for the rat flea reduction. Of 998 rat sera 
subjected to the complement fixation test with 
U.S. Army group specific typhus antigen at 1:10 
dilution, 804 were negative and 194 were anti- 
complementary. In 1954 and succeeding years 
including 1960 there were no cases of murine 
typhus fever reported from the City of San Juan 
and in 1958, 1959, and 1960 none in Puerto Rico 
as a whole. Since a great reduction in rat flea 
population occurred and no infection in rats was 
found, there is no reason to doubt the reported 
morbidity or to postulate that the use of anti- 
biotics had anything to do with the rate. It was 
concluded that investigations on the ecological 
circumstances of the association of arthropods, 
particularly mites, with rat fleas are necessary, if 
the question of why the rat flea population was 
decimated is to be answered. 
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OROPOUCHE VIRUS: A NEW HUMAN DISEASE AGENT FROM 
TRINIDAD, WEST INDIES* 


C. R. ANDERSON, L. SPENCE, W. G. DOWNS anp T. H. G. AITKEN 
Trinidad Regional Virus Laboratory, Port-of-Spain, Trinidad, West Indies 


Viruses are occasionally isolated from the 
blood of human beings in the absence of any 
manifestations of disease. Consequently, when a 
virus is isolated from the blood of a patient with 
fever, it is very difficult to determine whether 
the virus has any etiological significance. This is 
especially true when only a single isolation of the 
virus has been made, as in the present instance. 
The agent described in this report has not been 
identified with any of the known viruses and is 
accordingly named Oropouche virus for the lo- 
cality where the patient resides. 


CASE HISTORY 


The patient, an East Indian male of 24 years, 
was referred to the fever clinic operated by the 
Trinidad Regional Virus Laboratory in Sangre 
Grande, Trinidad, on September 26, 1955. He 
complained of fever, backache and cough of 1 
day’s duration. The cough was not accompanied 
by a sore throat. The patient’s temperature at 
the time of the visit was 104°F. The white blood 
count was 4,650 cells per cmm. A single ring 
form of a presumed malaria parasite was noted 
in a stained blood film. Although this ring form 
was verified by another observer present at the 
time, no evidence of malaria parasites could be 
demonstrated on subsequent examination of the 
blood film. A blood sample was drawn from the 
patient for attempted virus isolation. 

When seen 9 days later, at which time a second 
blood sample was obtained, the patient stated 
that his illness had lasted 3 days, after which all 
symptoms had disappeared and he had remained 
well. His temperature on this occasion was 
98.4°F. A third blood sample was obtained on 
October 21, 1955. 

The patient resided in Sahibdeen Trace in the 
sparsely settled community of Vega de Oro- 
pouche, 3 miles north of Sangre Grande. This is 


* The studies and observations on which this 
paper is based were conducted with the support 


and under the auspices of the Government of 
Trinidad and Tobago, The Colonial Development 
and Welfare Scheme, and The Rockefeller Founda- 
tion. 
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a deforested region now utilized in cultivation of 
cocoa, coffee and citrus. The region is low-lying 
and during the rainy season is swampy. 

The patient worked as a charcoal burner in 
the Melajo Forest about 5 miles away. Once a 
large unbroken tract of Mora trees, this forest 
has in recent years been lumbered in connection 
with a government program of deforestation and 
reforestation. Charcoal burners frequently reside 
for protracted periods in forest near their char- 
coal pits in small thatched huts. The patient had 
been working in the Melajo Forest for only 2 
weeks prior to the onset of illness, during which 
period he and his wife slept in an open hut near 
the charcoal pit. 


VIRUS ISOLATION 


The acute-phase serum (TRVL specimen no. 
9760) was inoculated intracerebrally (i.c.) into a 
group of 2-day-old Swiss mice. A portion of the 
serum was sealed in a glass ampule and stored in 
a CO--ice box, and the remainder was transferred 
to a lusteroid tube and stored at —20°C. On the 
morning of the 4th postinoculation day all of 
the infant mice were found dead in the cage. 
The serum stored in the CO--ice box was then 
reinoculated i.c. into another group of infant 
mice and also a group of adult mice. This at- 
tempt was successful and an agent was estab- 
lished that was maintained in continuous passage 
in adult mice by i.c. inoculation of infected brain 
suspensions. The agent passed a bacteria-tight 
Seitz-EK filter. The virus was successfully reiso- 
lated from the original acute-phase serum sample 
stored in the CO--ice box. 

A comparison of the neutralization indices of 
the patient’s acute and convalescent sera for his 
own virus demonstrated the development of a 
significant amount of neutralizing antibody as a 
result of the infection. 

In virus neutralization tests conducted in 
1955, it was found that the patient’s convales- 
cent serum neutralized over 104 LDso of virus 
when tested in adult mice by the i.c. route. In 
1959, in a similar test in baby mice inoculated 
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i.c., the convalescent serum neutralized only 
about 10? LDs5o of virus. When fresh rabbit serum 
was added to the convalescent serum specimen, 
it again neutralized 10* LDso of virus in baby 
mice inoculated i.c. When the baby mice were 
inoculated by the intraperitoneal (i.p.) route, 
without fresh rabbit serum, over 104 LDso of 
virus was neutralized. These results indicate 
that when old sera are used in neutralization 
tests with Oropouche virus, it is desirable to add 
some source of accessory factor, or else to con- 
duct the tests in baby mice by the i.p. route. 


IDENTIFICATION 


Immune sera prepared from the following vi- 
ruses failed to neutralize Oropouche virus: St. 
Louis, Bunyamwera, Semliki Forest, yellow 
fever, Ilhéus, Mengo, and Eastern (EEE), West- 
ern (WEE) and Venezuelan (VEE) equine en- 
cephalitis. 

Attempts to prepare a hemagglutinating anti- 
gen from the brain or serum of infected baby 
mice were unsuccessful. The standard method of 
Casals and the sucrose-acetone technique de- 
vised by Clarke and Casals! were tried. 

A hyperimmune serum that contained a good 
titer of complement-fixing antibodies was tested 
for the presence of hemagglutination-inhibiting 
antibodies to the following virus antigens: yellow 
fever (Asibi), St. Louis, Ihéus, VEE, EEE, 
Sindbis, Mayaro, Chikungunya, Semliki Forest, 
Bunyamwera, Marituba and AMM 2549.* No 
inhibition was observed. 

Oropouche virus hyperimmune mouse serum 
was tested in complement-fixation test with a 
variety of antigens. The only agent found re- 
lated to Oropouche virus was Simbu virus 
(SA-TAR 53), isolated in South Africa.? The 
results of several cross-complement-fixation box 
titrations using Oropouche and Simbu systems 
are set forth in Table 1. The homologous system 
with each agent is reactive, and in the heterolo- 
gous systems there is low-level and inconstant 
crossing. No evidence of relationship was ob- 
tained with Bunyamwera virus in cross-comple- 
ment-fixation tests. 

It was shown by Theiler® that all cf the known 
arthropod-borne viruses were inactivated in the 
presence of a 1:1,000 solution of sodium desoxy- 
cholate. The sensitivity of Oropouche virus to 

* AMM 2549 is an arthropod-borne virus iso- 


lated in Malaya by Dr. E. L. Buescher and distinct 
from any previously described agent. 
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TABLE 1 


Complement-fization tests employing Oropouche and 
Simbu viruses and mouse hyperimmune sera 





Hyperimmune sera} Antigens 





Serum | =“ 
designa- | “ 


i Oropouche 
tion 








Oropouche | 64+-/128+* 
| 128+4+-/128+ 


32/64 
16/128 








Simbu 4/32 
6 wat 
6 0 








* Serum titer/antigen titer. 
t Pooled sera. 


this agent has been determined and compared 
with that of Ilhéus virus which has previously 
been shown to be sensitive to desoxycholate. The 
two viruses were tested under nearly identical 
conditions as regards protein concentrations of 
the suspensions, time of exposure and tempera- 


ture. It was found that desoxycholate inactivated 
about 10° LDso of Ilhéus virus and 10* LDsgo of 
Oropouche virus. 


REACTION OF VARIOUS ANIMALS AND 
CHICK EMBRYOS 


Mice. Infant and adult white Swiss mice were 
found to be highly susceptible to a 10% suspen- 
sion of infected mouse brain inoculated i.c. The 
incubation period for the two different ages of 
mice was 2 days, and all mice were usually dead 
on the morning of the 3rd day after inoculation 
when the largest doses were used. When minimal 
doses were inoculated, the incubation period 
varied from 6 to 8 days. The first sign of illness 
was irritability, which was rapidly followed by 
prostration and death. The entire course of the 
disease often lasted but a few hours and rarely 
more than a day, even with the smaller doses. 
The titer of virus in infant mouse brain reached 
10~ to 10-*/0.02 ml after i.c. injection, or about 
100 times higher than that in adult mouse brain. 
However, susceptibility was about the same, as 
proved by titering a single virus suspension in 
2-day-old and adult mice inoculated i.c. 
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Adult mice showed no reaction to large doses 
of virus inoculated i.p. Two-day-old mice, how- 
ever, were almost as susceptible following i.p. 
inoculation as when inoculated i.c., and with 
both routes the incubation period was about the 
same. The titer of virus in 2-day-old mice inocu- 
lated subcutaneously was 10-*. Infant mice 
showed only traces of virus in the serum. 

Guinea pigs. Two adult guinea pigs were inocu- 
lated i.c. with about 5,000 LDso (for mice) of 
Oropouche virus. Six days postinoculation, one 
guinea pig had paralysis of both hind legs. 
Serum obtained from the animal at this time 
did not contain detectable virus when inoculated 
i.c. into a group of adult mice. The guinea pig 
was sacrificed, and a suspension prepared from 
the brain was passaged i.c. into two more adult 
guinea pigs. The brain suspension was also tested 
i.c. in a group of adult mice and killed five of the 
six. The virus was later shown to be Oropouche 
virus in a specificity test with known Oropouche 
immune serum. The other guinea pig became 
paralyzed on the 8th postinoculation day and 
died the next day. Only one guinea pig in the 
2nd passage showed signs of illness, and then 
not until the 14th postinoculation day; virus 
could not be demonstrated in the brain of this 
animal when tested in mice. 

Adult guinea pigs inoculated i.p. with about 
50,000 LDs (for mice) of Oropouche virus 
showed no visible effects of the virus but re- 
sponded by the production of neutralizing anti- 
bodies. It seemed that this strain of Oropouche 
virus was not highly virulent for guinea pigs. 

Hamsters. Adult Syrian hamsters were found 
to be susceptible to Oropouche virus inoculated 
either i.p. or i.c. The virus was easily maintained 
in serial brain transfer through four passages by 
i.c. inoculation of groups of three adult hamsters. 
All of the hamsters died between 2 and 4 days 
after inoculation. The virus recovered from the 
brain of the 4th passage was shown to be Oro- 
pouche virus in a specificity test with known 
Oropouche immune serum. The first evidence of 
illness was usually failure to eat and ruffling of 
the coat, followed by difficulty in walking. The 
animal became prostrated and generally died 
within 24 hours of the onset of illness. Paralysis 
of the hind legs was observed in a few of the 
animals. The titer of virus in the brain was 
about 10-° as determined by i.c. titration in 
adult mice. The serum of one sick hamster con- 
tained a low level of virus. 
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Following i.p. inoculation of Oropouche virus, 
adult hamsters died of an illness very similar to 
that which followed i.c. inoculation of the virus. 
The chief difference was the longer and more 
variable incubation period in some of the ani- 
mals. Although half the animals had an incuba- 
tion period of 3 to 4 days, the remainder had 
incubation periods of 5 to 20 days. A successful 
passage was made from a hamster brain follow- 
ing an incubation period of 9 days. The titer of 
virus in the brain of a sick hamster inoculated 
i.p. was about 10-5, similar to that found for 
the animal inoculated i.c. The titer of virus in 
the blood of one sick hamster on the 4th day 
after i.p. inoculation was 10-7. 

Rabbits. Four rabbits were inoculated i.p. with 
about 1,000 and 10,000 LDso (for mice) of Oro- 
pouche virus. No visible signs of illness were 
observed nor was any virus detected in the blood. 
Two other rabbits were inoculated ic. with 
about 80,000 LDso (for mice) of virus and mani- 
fested no signs of illness. One rabbit in each 
group developed neutralizing antibodies. 

Cebus monkeys. Two Trinidadian cebus mon- 
keys (Cebus albifrons trinitatis Pusch) were inocu- 
lated i.p. with approximately 1,000 LDso (for 
mice) of Oropouche virus. Neither monkey 
showed signs of illness. One had virus in the 
blood serum on the 3rd and 5th postinoculation 
days (not tested on the 4th day). A comparison 
of the neutralizing capacities of serum samples 
taken 41 days after inoculation and their corre- 
sponding preinoculation samples revealed that 
the monkey failing to circulate virus had neu- 
tralizing antibodies prior to inoculation. The pre- 
inoculation serum sample from the monkey that 
did circulate virus had no significant virus-neu- 
tralizing action whereas the convalescent sample 
neutralized almost 1,000 LDs. (for mice) of 
virus. 

Chick embryos. The infection of chick embryos 
was initiated by the inoculation of infected 
mouse brain of the 8th mouse passage into the 
yolk sac or the amniotic sac. Two series of pas- 
sages were then maintained. 

Yolk sac suspensions were prepared from em- 
bryos inoculated into the yolk sac and passaged 
to 6- to 7-day-old embryos. In the earlier pas- 
sages mortality was irregular, and passages were 
made between the 3rd and 6th postinoculation 
days, the most appropriate time being judged 
from the behavior of the group. From the 11th 
passage on, mortality became more regular. A 
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specificity test with known Oropouche virus 
immune serum on a yolk sac suspension prepared 
from embryos of the 14th yolk sac passage con- 
firmed the presence of Oropouche virus in this 
series. A subseries was started with embryos of 
the 11th passage and maintained as passages of 
whole embryo suspensions (sans feet, beak and 
eyes) via the yolk sac route. This subseries pro- 
duced a highly lethal infection in the chick em- 
bryo with titers of over 10-* as determined by 
titration in mice and chick embryos. 

The amniotic-sac series was maintained by 
transferring whole embryo suspensions (sans 
feet, beak and eyes) via the amniotic sac; how- 
ever, inoculation by this route failed to kill the 
embryo. 


INSECT INVESTIGATIONS 


When it became evident that an agent patho- 
genic for mice had been isolated from a forest 
worker, steps were taken to attempt recovery of 
virus from bloodsucking diurnal insects preva- 
lent about the patient’s home and charcoal pit 
in the forest. Two boys worked near the home 
in Sahibdeen Trace on October 6 and 7 and col- 
lected 47 mosquitoes. The boys were transferred 
to the charcoal burning site in the Melajo Forest 
when it was learned that the patient had been 
living there for the 2 weeks prior to his attack 
of fever. 

Here, during a 10-day period between October 
10 and 21, 559 mosquitoes and 26 simuliids (one 
species) were collected and inoculated into infant 
mice. The collection represented 30 species of 
mosquitoes: 311 Aedes, 104 sabethines (largely 
Wyeomyias), 62 Psorophora, 30 Mansonia, 29 
Culex, 16 Anopheles and 7 Haemagogus. Aedes 
scapularis was the most prevalent species (226 
specimens) and one strain of virus (TRVL speci- 
men no. 10076) was isolated from a pool of nine 
scapularis individuals. This agent, however, 
proved to be different from Oropouche virus. 

In the laboratory several species of mosquitoes 
were exposed to infection with Oropouche virus 
by means of parenteral inoculation of a 10~ dilu- 
tion of virus (note: the source virus titrated 
10-”). Two weeks later, the infected mosquitoes 
were allowed to bite 2-day-old mice; the mice 
were then immediately “blended” in 5 to 10 cc 
diluent and inoculated into infant mice i.c. in 
an attempt to recover virus. Although this 
technique failed to demonstrate transmission, 
the engorging mosquitoes, when subsequently 
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triturated, were shown to be largely positive. 
The species employed and the results obtained 
were as follows: Aedes scapularis, 7/7 positive; 
Aedes serratus, 4/4 positive; Culex fatigans, 4/4 
positive; and Psorophora ferox, 3/5 positive. 

In all instances, recovered virus was demon- 
strated to be Oropouche by complement-fixation. 


NEUTRALIZATION TEST SURVEYS 


Sera from 46 forest workers from various forest 
localities in Trinidad have been tested for the 
presence of Oropouche virus neutralizing anti- 
bodies. Only three of these sera were able to 
neutralize significant amounts of virus. In a 
group of 23 sera from persons living near Cha- 
guanas, a nonforested area on the west coast of 
Trinidad, no serum neutralized the virus. Al- 
though the number of sera tested was small, 
it was sufficient to indicate that infection with 
this virus does occur in human beings in Trini- 
dad. Considerably more testing would be neces- 
sary to be certain that no areas of localized en- 
demic or epidemic activity exist or have existed. 

A group of 26 sera from native cebus monkeys 
was tested for the presence of neutralizing anti- 
bodies. The cebus monkeys of Trinidad are 
largely concentrated in the Nariva Swamp, a 
lowland area of about 40 square miles on the 
east coast. This swamp is a complex biotic as- 
sociation which has been described by Beard‘ 
as containing elements of swamp forest, palm 
swamp, herbaceous swamp and mangrove wood- 
land. At least 8 of the 26 sera showed definite 
evidence of neutralizing antibodies. 

A group of 26 native howler monkey (Alouatta 
seniculus insularis Elliot) sera was also tested 
for the presence of neutralizing antibodies. Nine 
of these sera neutralized significant amounts of 
the virus. The howler monkeys supplying these 
immune sera were distributed over a much 
wider area of the island than were the cebus 
monkeys. 


SUMMARY 


The isolation and laboratory studies of a new 
virus isolated from a human fever case in Trini- 
dad, West Indies, are described. The virus has 
been named Oropouche virus after the region 
from which it was obtained. Orcpouche virus 
has been found to be related to Simbu virus, an 
agent isolated in South Africa. Neutralizing anti- 
bodies were found in the blood of a few forest 
workers, 8 of 26 native cebus monkeys in the 
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Nariva Swamp and 9 of 26 howler 
widely distributed over the island. 


monkeys 
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ADDENDUM 


A further strain of Oropouche virus has been 
isolated from a pool of 177 Mansonia venezuelen- 
sis (Theobald) collected in Bush Bush Forest, 
Nariva Swamp, Trinidad, on October 18, 1960. 
This new strain (TRVL 35111) agrees closely 
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with the prototype strain in complement-fixation 
and neutralization test reactions. 
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In order to use poliovaccine to best advantage, 
it is essential that the local history of poliomye- 
litis be known. If epidemics of the disease are 
unknown, it is only from antibody surveys that 
one can tell when a population has become ripe 
for an epidemic.! The recent appearance of 
poliomyelitis as an epidemic disease in the 
Caribbean?:* has brought this problem into 
sharp focus. Because poliovirus antibodies are 
known to exist for many years, perhaps for life, 
it is possible to show the degree of subclinical 
spread of virus even in areas free of epidemics. 
Thus, the age distribution of antibodies indicates 
whether vaccination programs are justified. 

Surveys have already been conducted by this 
laboratory on samplings of the population of 
some Caribbean islands.* The present study is 
an extension of these inasmuch as the same 
procedures and the same geographical setting 
were employed. 

The island of St. Vincent lies 13° 10’ North 
latitude and 65° 37’ West longitude and is one 
of the curved chain of volcanic islands which 
compose the lesser Antilles. The island lies 95 
miles west of Barbados and including its depend- 
encies, the Grenadines, comprises about 150 
square miles. The temperature range is 64°F to 
89°F and the rainfall for 1957 was 110 inches 
at the coastal capital of Kingstown. The present 
population is estimated to be about 80,000. 
The island is populated chiefly by persons of 
African descent. In 1946 at the time of the latest 
adequate census, the total population of 61,647 
was divided into the following ethnic groups: 
Black, 45,042; Mixed or Colored, 12,631; White, 
1,913; East Indian, 1,817; Caribs, 242; and not 
stated, 2. 

For many years the island’s expenditure has 


* The laboratory studies reported in this paper 
were carried out with the aid of a grant from the 
National Foundation, and of a training grant, 
2E-74, from the National Institute of Allergy and 
Infectious Diseases, National Institutes of 
Health, U.S. Public Health Service. 
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exceeded its revenue and the colony has relied on 
grants from the British Government to balance 
its budget. Very few industrial enterprises exist 
and the people derive their income, directly or 
indirectly, from agriculture. The main crops are 
bananas, arrowroot, sea-island cotton, sugar 
cane, and coconuts. 

The island and its dependencies are divided 
into seven medical districts, each with a resident 
medical officer. A senior medical officer adminis- 
ters the system. Seven hospitals and a pauper 
asylum collectively supply the area with 487 
in-patient beds. In 1957 the infant mortality 
rate was 92 per 1,000 live births. There is no 
record of any poliomyelitis epidemic on St. Vin- 
cent although sporadic cases have been diagnosed 
clinically. 


MATERIALS AND METHODS 


The sera used in this study were collected from 
persons who had been born on St. Vincent and 
who had never left the island. All samples were 
inactivated at 56°C for 30 minutes and subse- 
quently diluted serially to 1:10, 1:50 and 1:250. 
The diluent for this procedure was Hanks’ solu- 
tion to which had been added 2% calf serum 
(proven to be free of polio antibodies) and ap- 
propriate antibiotics. From each dilution three 
0.2-ml aliquots were distributed into 100-mm 
tubes, an equal volume of poliovirus suspension 
from standardized stocks of types I, II and III 
added, and the mixture incubated for 1 hour at 
37°C. All three types of poliovirus suspensions 
were prepared to contain 100 tissue culture doses 
(TCDy5o) per 0.1 ml. Incubation of the serum- 
virus mixtures and assaying for residual virus by 
their cytocidal effect on monkey kidney cells 
were carried out in polystyrene panels as out- 
lined by Melnick and Opton.‘ 


RESULTS 


The age of the serum donors has been corre- 
lated with the types and titers of antibodies in 
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Table 1 and in Figures 1 to 4. As no samples were 
available from children under 2 years of age, we 
are not concerned here with the persistence of 
maternal antibodies. Antibodies were acquired 
rapidly during the early years (see Figure 1). 
In the 2 to 4 year age group, 28% of the children 
showed measurable immunity to type I polio- 
virus, and this increased to 75% of the 5 to 9 
year age group. Further development of anti- 
bodies occurred and reached 95% of the popula- 
tion in the age group 15 to 20 years. 

In the case of type II (Figure 2) a higher 
percentage of the population age 2 to 4 years 
showed immunity, being 75% at this time. Be- 
tween the ages of 5 and 14, 95% of the children 
already had antibodies. 

The frequency-distribution curve for type III 
(Figure 3) is similar to that for type I, with one 
chief exception, the smaller percentage of indi- 
viduals with antibodies in the age group 10 to 14 
than in the age group 5 to 9 years. 

Figure 4 shows the percentage of the popula- 
tion positive for at least one type of poliovirus 
antibody. It can be seen that more than 90% of 
the young children of St. Vincent island have 
developed measurable immunity to some type 
of poliomyelitis. By the age of 20 everyone has 
done so. 


TABLE 1 


Distribution of poliomyelitis antibodies among 
152 persons on the island of St. Vincent 
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Fig. 1. Age distribution of neutralizing anti- 
bodies against type I poliovirus in healthy per- 
sons in St. Vincent: 250, solid black, indicates 
percentage of age group possessing neutralizing 
antibodies at serum dilution of 1:250 or greater; 
50, striped, indicates percentage of age group pos- 
sessing neutralizing antibodies at serum dilution 
of 1:50; and 10, white, indicates percentage of 
age group possessing neutralizing antibodies at 
serum dilution of 1:10. 
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Fig. 2. Age distribution of neutralizing anti- 
bodies against type II poliovirus in healthy per- 
sons in St. Vincent. (See legend for Figure 1.) 


DISCUSSION 


The evidence indicates that the island of St. 
Vincent is an endemic area for poliomyelitis, 
with type II poliovirus especially prevalent in 
recent years. The smaller percentage of the popu- 
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Fig. 3. Age distribution of neutralizing anti- 
bodies against type III poliovirus in healthy per- 
sons in St. Vincent. (See legend for Figure 1.) 
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Fie. 4. Summary figure: percentage of persons 
possessing antibodies to at least one type of polio- 
virus, among those tested in each age group. (See 
legend for Figure 1.) 


lation positive for type III might suggest that 
this virus was less prevalent in the community. 
However, more likely, the type III data suggest 
that antibodies against this type are not as 
long-lasting as are those against the other types, 
and/or that there was little boostering by re- 
infection with type III on the island. Further 
support of this is seen in that few persons above 
the age of 9 years possessed high titers of type III 
antibodies. 
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The infant mortality rate for 1957 was 92.5 
per 1,000 live births. This is not too far from the 
“critical value” of 75 per 1,000 when a sharp 
increase in the cases of clinical poliomyelitis 
might be expected.?: § However, it was shown 
that this index does not necessarily hold true for 
island communities in the Caribbean area. It 
might be expected in general, regardless of the 
validity of the index just mentioned, that as 
sanitary conditions improve in the islands, less 
spread of enterovirus will occur in early life 
under a blanket of maternal antibodies, with the 
result that the number of susceptibles will in- 
crease. As this shift occurs, vaccination programs 
become necessary to prevent epidemics. In view 
of the fact that on St. Vincent island the number 
of polio susceptibles is considerable in the young 
age groups at present, and can be expected to 
increase in the future, it would appear the better 
part of wisdom to institute a vaccination program 
against poliomyelitis in young children now. 
Ideally, this program should be monitored by 
periodic antibody surveys to insure that a high 
proportion of the population is maintaining its 
immunity. 


SUMMARY 


Sera collected from 152 healthy young inhabi- 
tants of the island of St. Vincent (population, 
about 80,000) were assayed for antibody against 
all three types of poliovirus. Results showed that, 
in spite of the fact that the island has never had 
an outbreak of poliomyelitis, a significant part of 
the population develops antibodies to each of the 
three types of poliovirus by the age of 5 years, 
and this increases to involve 86 to 95% of the 
young adult population. Evidence indicates that 
at present St. Vincent is part of a Caribbean 
zone of poliomyelitis endemicity. But as clinical 
poliomyelitis is appearing with increasing fre- 
quency in other parts of this zone, vaccination of 
susceptible young children on St. Vincent should 
be considered in order to anticipate, and prevent, 
a shift to the epidemic situation. 
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THE INCIDENCE OF ARTHROPOD-BORNE VIRUSES IN A POPULATION OF 
CULICINE MOSQUITOES IN TONGALAND, UNION OF SOUTH AFRICA 
(JANUARY, 1956, THROUGH APRIL, 1960)* 


C. BROOKE WORTH,; H. E. PATERSON anp BOTHA pgs MEILLON 
Arthropod-borne Virus Research Unit, P. O. Box 1088, Johannesburg, Union of South Africa 


Following the disclosure in April-May, 1955, 
that arthropod-borne viruses were active in 
culicine mosquitoes in Tongaland, Union of 
South Africa,! a permanent field laboratory was 
established in the same region to facilitate 
further observations of this phenomenon. The 
present paper is a discussion of the mosquitoes 
processed from January, 1956, through April, 
1960, in relation to the viruses isolated from them. 


MATERIALS AND METHODS 


Field laboratory. The field laboratory and camp 
were set up in the Ndumu Game Reserve. Per- 
mission was granted to collect mosquitoes in 
designated parts of the Reserve, while a few 
additional collecting sites were selected outside 
the protected area. The various collecting sites 
were almost all within about 7 miles of the field 
station. 

Ndumu lies in northern Natal in the coastal 
plain but near the base of the Lebombo Moun- 
tains which form the western boundary of this 
plain. The country is gently rolling and reaches 
a maximum of only some 500 feet above sea level. 
Three meandering rivers, the Usutu, the Ing- 
wavuma and the Pongola, converge in the region 
of the Game Reserve, and in flood periods these 
serve to fill numerous permanent or semi-perma- 
nent pans of varying size flanking their banks. 
The courses of the rivers are marked by forests 
in which giant fig trees, Ficus sycomorus, are 
sometimes dominant, while the intervening 
country supports alternating patches of grass- 
land and thorny scrub. 

The distribution of the annual rainfall at 


* The studies and observations on which this 
paper is based were financed jointly by the South 
African Institute for Medical Research, the Polio- 
myelitis Research Foundation, the South African 
Council for Scientific and Industrial Research and 
The Rockefeller Foundation, and were conducted 
with the collaboration of the Union Health De- 
partment and the Veterinary Division of the De- 
partment of Agriculture. 

t Present address: The Rockefeller Foundation, 
111 West 50th Street, New York 20, New York. 
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Otobotini, about 30 miles from Ndumu and in 
comparable terrain, is shown in Figure 1. Tem- 
peratures in excess of 100°F are recorded most 
often in December and January, while light 
frosts are experienced uncommonly during the 
night in June and July. Mosquito populations of 
the various species are affected selectively by 
these seasonal fluctuations in moisture and tem- 
perature. 

During the period encompassed in the present 
study, indigenous Africans and their domestic 
animals were still residing in the newly estab- 
lished Game Reserve, but game animals them- 
selves were not abundant. Hence the oppor- 
tunities for mosquitoes to feed on various kinds 
of warm-blooded hosts were about the same 
within the Reserve as elsewhere in the region. 

Time spent in field. Table 1 indicates the actual 
number of days on which mosquitoes were col- 
lected at Ndumu as well as the dates within the 
limits of which the collecting days occurred. In 
1956 and 1957 attempts were made to visit the 
field station at scattered times that would encom- 
pass all the seasons. The major emphasis in 1958 
and 1959 was on the period of maximum mosquito 
abundance and viral prevalence in April-June. 
During the period of 4.33 years covered by this 
study, a total of 1.06 years of mosquito collecting 
took place at Ndumu, or 24.4% of the elapsed 
time. 

Collecting sites. Preconceived criteria in the 
selection of collecting sites included their being 
near human habitations or water, being fre- 
quented regularly by the local Africans and their 
animals, or otherwise looking promising for 
mosquitoes on the basis of experience gained 
during the 1955 Tongaland expedition to Simbu 
Pan. Trial and error experience led to the aban- 
donment of some sites and the adoption of others 
in relation to mosquito densities. It was at- 
tempted also to choose sites with conspicuously 
different types of vegetation. Thus the ones 
which eventually were exploited most fully 
included such habitats as a tall forest along the 
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Months 
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Annual distribution: 
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73.5% 





























$FMOAMIS J A & O N DO 


Total annual rainfall 28.7" 

Fic. 1. Thirty-year average rainfall at Otobo- 
tini, elevation 300 feet. (Adapted from: Climate of 
South Africa. Part 2. Rainfall Statistics. Weather 
Bureau, Department of Transport, W.B. 20.) 


Ingwavuma River, a smaller riverine forest 
flanking one of the lesser pans, an isolated grove 
of giant fig trees, a patch of dense thorn scrub 
on a hillside, and an area of grass and low scrub 
around a temporary water hole. 

Mosquito catching methods. Most of the mos- 
quitoes were caught by hand in cotton-stoppered 
glass test tubes measuring 15 X 90 mm. Initially 
some of the catches were made from man or 
cattle as bait, but in the main mosquitoes were 
taken as they rested on low vegetation or on the 
ground. A crew of about a dozen local youths was 
trained to walk slowly through a collecting site, 
observing where the disturbed mosquitoes came 
to rest: the insects were then collected individ- 
ually in the tubes to facilitate subsequent identifi- 
cation and sorting. During cold or windy weather, 
when mosquitoes could not be found easily by 
these means, the collectors successfully detected 
and caught specimens in ground holes, hollow 
stumps and similar shelters. Biting catches were 
occasionally made at night on a platform 46 feet 
above ground level in a giant fig tree. The use of 
various collecting methods besides hand catching 
did not reveal that any of the species that were 
uncommon in hand catches were in reality abun- 
dant. 


Field processing of mosquitoes. On the day that 
mosquitoes were collected, they were identified 
insofar as possible by examination with a hand 
lens while still in the glass tubes. Doubtful speci- 
mens were pinned for study by entomologists and 
only those specimens that were clearly recogniza- 
ble in the field laboratory were retained for mouse 
inoculation. Thus sorted into taxa, but without 
regard to stages of the gonotrophic cycle, they 
were then killed by cyanide fumes and pooled 
according to their classification in sterile paraffin- 
corked Wassermann tubes. Abundant species 
were broken down into lots not exceeding 100 
specimens. The tubes were immediately placed 
in a CO; ice storage box. During various sojourns 
at Ndumu, a small chartered airplane brought 
fresh supplies of CO, ice at weekly intervals or 
less, returning to Johannesburg with the cur- 
rently assembled tubes of frozen mosquitoes in 
thermos flasks packed with CO, ice. The mos- 
quitoes might then be stored for a further short 
time under similar conditions of refrigeration in 
Johannesburg. Therefore when the day arrived 
for processing and inoculating the specimens into 
mice, they had been continuously frozen since 
death and for a relatively brief period. 

During 1956 and 1957 only the more com- 
monly collected species of mosquito were sub- 
mitted to the laboratory for virus study, but in 
the ensuing years virtually every specimen was 
included in the survey. 

Laboratory processing of mosquitoes. All mos- 
quito suspensions were routinely inoculated 
intracerebrally into white Swiss mice. In the 
initial period of this study an aliquot of each 
suspension was inoculated into one litter of new- 
born mice and a group of six adult mice. Subse- 
quently adult mice were not employed but, 
instead, two litters of newborn mice were used 
in the initial attempt at virus isolation. The 
inoculated mice and their mothers were placed 
in specially designated rooms. It is well to empha- 
size that during the 21 days on which mice were 
observed, complete records and a careful daily 
inspection of results were made in order to detect, 
among other things, any possible evidence of 
virus contamination. 

The definitive details of techniques used in 
processing mosquitoes, as well as isolation and 
identification of viruses, are beyond the scope 
of the present paper. Appropriate references to 
publications on these matters from this labora- 
tory will be given in connection with mention of 
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the individual virus types. It should be noted, 
however, that pooling of the less abundant mos- 
quito species prior to mouse inoculation was 
commonly practiced in the Johannesburg labora- 
tory, leading in two instances to the recovery of 
virus isolates that cannot be ascribed to specific 
insect hosts. 


RESULTS 


Mosquitoes inoculated. A total of 171,210 speci- 
mens, comprising 46 species of mosquito, was 
inoculated into mice in 2,325 lots during the 
period of this study. 

Seasonal fluctuations in collected populations 
of several common species at Ndumu were ob- 
served. It was evident that Aedes (Neomelani- 
conion) circumluteolus (Theobald) experiences a 
true annual cycle in relation to the rains, and 
this undoubtedly applies also to Mansonia 
(Mansonioides) africana (Theobald) and M. (M.) 
uniformis (Theobald), whose larvae depend on 
the development of aquatic vegetation at times 
when flooding fills the breeding sites. It was more 
difficult to interpret the data in the case of species 
such as Culex (Culex) univittatus Theobald and 
C. (C.) zombaensis Theobald which breed in more 
temporary as well as permanent water collec- 
tions, for the apparent depression of their popula- 
tions during times of abundance of A. circumlu- 
teolus may be only a reflection of the ease with 
which the mosquito catchers could fill their 
allotted number of tubes with the latter species 
during its irruptions. 

Annual variation in the prevalence of a given 
species was best shown by Aedes (Aedimorphus) 
albocephalus (Theobald) in 1956, 1957 and 1958, 
when 1, 602 and 4,836 were collected, respec- 
tively; no other species exhibited a similar pattern 
of explosive increase. Culex zombaensis displayed 
the opposite trend, being fairly common in 1956 
but not in later years (1,029 taken in 1956, about 
200 annually thereafter). 

The relative abundance of the eight commonest 
species in Ndumu collections during the total 
period is shown in Table 2 (which also lists three 
relatively rare species). These were inoculated 
into mice in lots that were not always propor- 
tional to the representation of the species. The 
table shows that the greatest discrepancies in- 
volved A. circumluteolus, in which a marked 
degree of pooling was practiced, and the less 
common mosquitoes, which often had to be 
inoculated in small numbers because of their 
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TABLE 2 
Relative abundance of mosquito species in Ndumu 
collections and distribution of pure lots in which 


species were processed for attempted virus isola- 
tion, 1956 to 1960 





% of 
No. total 
processed | proc- 
essed 


% of 
total 
lots 


Species 





. circumluteolus 
. univittatus 
. africana 
. albocephalus 
M. uniformis 
Culex (Neoculezx) 
insignis (Carter) 
C. zombaensis 1,959 
A. cumminsi 1,669 
Aedes (Aedimor- 119 
phus) minutus 
(Theobald) 
E. silvestris 
Aedes (Aedimor- 
phus) marshalli 
(Theobald) 
All others 


108 , 297 
29,448 
10,769 

6,647 
6,355 
2,154 





3,703* 





Totals 

















171,210 





* Comprising 35 species. 
t Including mixed lots. 


scarcity. If viruses are evenly distributed, this 
imposes a bias in favor of recovering isolates at a 
higher rate from rarer mosquitoes than from A. 
circumluteolus. 

Virus isolates. References to virus types iso- 
lated from Tongaland mosquitoes are as follows: 
AR 136 and AR 344 (Arthropod-borne Virus 
Research Unit, unpublished information), Bun- 
yamwera,? Pongola,? Simbu,‘ Spondweni,® Wes- 
selsbron,* Middelburg (Arthropod-borne Virus 
Research Unit, unpublished information), 
Ndumu,? West Nile variant (Arthropod-borne 
Virus Research Unit, unpublished information), 
Sindbis (Arthropod-borne Virus Research Unit, 
unpublished information). 

The sequence in which the virus types were 
isolated during various Ndumu sessions is shown 
in Table 1. These data may be condensed further 
to show the monthly incidence of viruses through- 
out the period of the study as presented in Table 
3. Virus isolations according to mosquito species 
are summarized in Table 4. From the data given, 
it will be seen that roughly half of the total time 
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TABLE 3 
Months in which viruses were isolated from Ndumu mosquitoes, 1956 to 1960 





} 


Virus 


Month 





Jan. | Feb. | Mar. 





Wesselsbron..... 
Bunyamwera...... i 
Middelburg. . .. 
Pongola..... a 
Simbu... 
Spondweni 

Sindbis. . 
West Nile, variant 
Ndumu........ : 
Unidentified........ 





Oct. Nov. | Dec. 


isin 


3 


June | July 


_ 


— 


es 
me doe Ore & OO bo 








0 4/11 





20 5 0 





45 








Collecting days. ... 22 | 36 





68 


























TABLE 4 
Recoveries of viral isolates from species of mosquitoes collected at Ndumu, 1956 to 1960 





Isolate 





Spondweni 

West Nile 

Unidenti- 
fied 





eo | Middelburg 


. circumluteolus........ 
. univittatus.... 
PN cea ened 

M. uniformis........... 
. africana 

uniformis} °°" 





A. albocephalus. .. 
EE. i 5.6 Se Kennet 
. silvestris... 
. minutus... 
. marshalli 
Mixed pool.... 


A 
Cc 
M 
M 
M 
M. 
A 
A 
E 
A 
A 








| 1 





> — OO 
nw 





ee Ot wan s 
eee | 








| wu 
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Total | 12 | 6 | 3 
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spent in the field fell in the months of March 
through June: in the course of this period only 
one-third of the total mosquitoes processed during 
the entire study were collected, but they yielded 
two-thirds of all the viruses recovered. 
Collecting session no. 24, including 65 mos- 
quito collecting days at Ndumu and the isolation 
of six viral types, represents the longest period 
of continuous observation at our disposal. It 
provides an opportunity to review mosquito 


populations at the various collecting sites in rela- 
tion to obvious factors such as weather and the 
emergence of new generations in response to such 
climatic forces. The history of these populations 
and their viruses will receive comment in the 
next section. 


DISCUSSION 


Probably the most striking feature to be found 
in a consideration of the sequence of viral isola- 
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tions from mosquitoes at Ndumu is the varying 
pattern displayed in their incidence. For example 
in 1956, 70 days were spent collecting mosquitoes 
but only two strains of virus were isolated, while 
in 1958, 66 or approximately the same number of 
collecting days yielded 10 strains of virus. Part 
of these discrepancies can be attributed to the 
29-day emphasis placed on the April-May period 
in 1958, but this seems insufficient to account for 
the complete blank during the comparable period 
in 1956 when 14 collecting days were spent at 
Ndumu. Nevertheless, the usual pattern over the 
years included an increase in the incidence of 
viral isolations during the March-June period. 

Another conspicuous feature in the incidence 
of viruses is the way in which certain virus types 
appear to come and go in the region (Table 1). 
As already noted, despite intensive mosquito 
collecting on 70 days in 1956, only two unidenti- 
fied virus strains were isolated. With only 50 
days of collecting in the following year, five 
other types of virus nevertheless put in their 
appearance for the first time. In 1958 an addi- 
tional type cropped up, while in 1959 no less than 
three more were added to the list against a back- 
ground of three antecedent years in which the 
same collecting and laboratory techniques had 
been consistently used. 

As for the tenure of virus types in the Ndumu 
region, it may be seen that both Bunyamwera 
and Middelburg viruses were present in 1957 and 
1959 but were not detected in the intervening 
year. Simbu virus put in a single appearance in 
1957 and was not found again, while Ndumu 
virus likewise staged a l-year stand in 1959. 
Pongola virus, on the other hand, was present 
for 4 consecutive years, with a conspicuous burst 
in 1960. Not having been detected previously at 
Ndumu, Spondweni appeared yearly from 1958 
to 1960 and Sindbis was isolated in 1959 and 1960. 

These vagaries cannot be linked with particu- 
lar aspects of the mosquito population. True, in 
one year or another there are events, such as 
droughts when it should be raining or a deluge 
when it should be dry, that lead to irregularities 
in the expected abundance of particular mos- 
quito species. Sometimes, indeed, it seems plausi- 
ble to link the anomalous appearance of viruses 
with these episodes, such as the five isolations 
made in November, 1957, following abnormally 
early flooding of the pans. On the other hand, 
the total of eight January isolates in 1960 was 
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without precedent and was associated with a 
dry period during the supposedly wettest time 
of the year. 

A logical question to ask is whether these 
sporadic exhibitions of viral activity at Ndumu 
are not the result simply of inadequate mosquito 
collecting. Perhaps all the virus types are in 
reality active all the time, and the mosquito 
samples are so sketchy that they reveal viruses 
in only a random way. The total of some 170,000 
mosquitoes collected in 52 months is not impres- 
sive as such surveys go. For example Aitken* 
records the inoculation into mice of 842,581 mos- 
quitoes during a 65-month period in Trinidad. 
Moreover, the pooling of mosquitoes, even of the 
same species, further reduces the seeming magni- 
tude of the total numbers of insects processed: 
thus the 2,325 lots of Ndumu mosquitoes inocu- 
lated into mice during our own study represent 
no more than that number of efforts to detect 
viruses. 

We can answer this question at least in part 
by pointing to certain regularities that recur in 
the scattered data. Of significance in this regard 
is the number of Ndumu sessions in which no 
isolations were effected, although the numbers 
and kinds of mosquitoes collected were in accord 
with expectations. These occasions included 15 
of the 29 sessions, 34.9% of the total number of 
days devoted to mosquito collecting and all 
seasons of the year. The fact that during the other 
14 sessions when viruses were isolated the re- 
coveries were multiple in 11 of the instances, 
makes the negative record appear rather sub- 
stantial. In fact, a full half of the successful ses- 
sions were accompanied by the recovery of three 
or more isolates (Table 1). 

These “bursts” of viral activity at specific 
times have several other interesting—or curi- 
ous—attributes. Reference to Table 1 discloses 
that when virus isolations were made in a particu- 
lar session, it was more common to recover 
multiple viral types than only a single viral type, 
in fact 2.5 times as common. Thus, during the 14 
positive sessions, single viral types were recovered 
four times, two types six times, three types three 
times and six types once. A further point that 
seems noteworthy is that when multiple isola- 
tions of a specific viral type were effected during 
a session, it was more frequent to obtain these 
from multiple species of mosquito than from a 
single species. In 10 such instances, the agent 
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was present in a single mosquito species only 
three times, occurring in two species six times 
and in three species once. 

Probably the most astonishing phenomena in 
this regard attended the collection of mosquitoes 
during Ndumu session no. 24, from April 18 to 
June 23, 1959. During this period viruses were 
isolated from five collecting sites, chiefly from 
April 21 to May 16. However, the presence of 
viruses in the individual sites was detected over 
only 1 or 2 weeks despite fairly regular entomo- 
logical collections extending beyond this time in 
both directions. Six viral types were recovered 
from three mosquito species, but there was no 
uniformity in the distribution of viruses in the 
five collecting sites. On the contrary, the “bursts” 
of viral isolations, occurring in the same or succes- 
sive collections, involved the sudden appearance 
of two or more viral types in each of the collect- 
ing sites. Three of these bursts involved only one 
mosquito species, while two species carried viruses 
in the other two collecting sites. 

A heavy rain on May 15 reduced the mosquito 
population drastically but also led to the emer- 
gence of a swarm of A. circumluteolus beginning 
on May 29. Despite the restoration of an abun- 
dant vector population, virus isolations faded 
out, there being one on May 25, one on May 28, 
one on June 4 and none thereafter. The three 
final single isolations appear possibly to have 
been derived from remnants of the original in- 
fected mosquito population that was first deci- 
mated by a heavy downpour and later diluted 
out in a wave of newly emerging insects. 

The closest parallel to this episode in our 
records goes back to the original Tongaland 
expedition in 1955, before the initiation of the 
Ndumu studies. At Simbu Pan over a period of 
less than 4 weeks, 16 viral isolations representing 
6 viral types were effected, although 15 of these 
came from A. circumluteolus and only 1 from 
another species.? Oddly enough, one of the viral 
types was Rift Valley fever virus which has never 
been isolated at Ndumu, only some 30 miles 
distant from Simbu Pan. 

When considering the recoveries of viruses from 
all these mosquitoes, but particularly those less 
common species such as Aedes (Aedimorphus) 
cumminsi (Theobald) and Eretmapodites silvestris 
Ingram and de Meillon from each of which only 
one recovery has been made to date, one must 
bear in mind that the insects were killed and 
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frozen as soon as possible after their capture. It 
is therefore quite possible that some of them 
were not infected by a virus but simply contained 
it in recently imbibed blood. Experiments are in 
progress at the insectary in Johannesburg to 
determine which of the suspected mosquito 
species can act as biological hosts and effectively 
transmit the various viruses. Until such decisive 
information becomes available, the substance of 
the present paper will not bear extrapolation to 
epidemiological or epizoétiological contexts, ex- 
cept insofar as the recovery of virus from a mos- 
quito, whether the virus be a biological inhabitant 
or only an incidental contaminant of a blood 
meal, is evidence in both cases of that virus’s 
current activity in the environment. 

It would nevertheless seem likely that mos- 
quito species from which viruses have been iso- 
lated most frequently are true biological viral 
hosts. These would include A. circumluteolus, C. 
univittatus, and probably the two species of 
Mansonia in the subgenus Mansonioides. It must 
be noted, however, that an apparent correlation 
exists between species abundance and a corre- 
sponding rate of viral recoveries (see Tables 2 and 
4). Proceeding on this basis, one could reach the 
uncritical assumption that the various viral types 
are equally infective for all mosquito species— 
that, in other words, there is no such thing as 
host specificity where these viruses and mos- 
quitoes are concerned. It is, in fact, somewhat 
difficult to refute such a suggestion without 
arguing special cases. That there is, indeed, con- 
trary evidence is shown by the following two 
examples: although Middelburg virus was re- 
covered from A. albocephalus in 1957 when this 
mosquito was only moderately abundant (602 
specimens taken), the species failed to yield 
Spondweni virus the following year when this 
virus was highly prevalent and 4,836 specimens 
of A. albocephalus were processed. Likewise at 
Lumbo in Portuguese East Africa during March 
of 1959 and 1960, A. albocephalus was the second 
commonest mosquito (5,053 specimens taken) 
but remained virally negative while 19,260 speci- 
mens of Aedes (Skusea) pembaensis Theobald 
were the source of 14 viral isolates representing 
2 viral types.®:1° 

Another suggestion regarding viral host speci- 
ficity may be made in reference to C. univittatus 
as compared with A. circumluteolus and the two 
Mansonia species. This has to do with their 





VIRUSES IN TONGALAND MOSQUITOES 


respective feeding habits. Aedes circumluteolus 
and Mansonia spp. are known to feed largely on 
man and the larger mammals" at Ndumu, while 
C. univittatus is principally a bird-feeder both 
there” and elsewhere.” Thus, while these species 
may give a rate of viral isolation proportional 
to the relative size of their annual populations, 
the viral types might differ according to their 
mammalian or avian affinities. However, when 
one deals with large numbers of mosquitoes, the 
fraction of a species population that departs from 
the usual feeding practice becomes significant. 
Hence, although Sindbis may be regarded as a 
bird virus," it has been isolated not only from C. 
univittatus at Ndumu (three occasions) but also 
once from M. africana. Conversely, C. univittatus 
has been found carrying not only Sindbis and a 
variant of West Nile virus at Ndumu but also 
Wesselsbron and Spondweni (once with each 
virus type) which are highly characteristic of A. 
circumluteolus and, in the case of Spondweni virus, 
also of M. africana. 

Lack of strict host specificity of a spectrum of 
viruses for a spectrum of mosquito species could 
therefore result, over sufficiently long periods of 
time, in the accumulation of data such as have 
been presented which seem to minimize the 
importance of this physiological concept. Con- 
vinced of the validity of such an assumption, one 
might then admonish an investigator who was 
about to look for mosquito-borne viruses in an 
untested locality to concentrate on the most 
prevalent mosquito species, even though it had 
not previously been incriminated as a virus 
carrier. Our own startling experience with A. 
pembaensis in Portuguese East Africa could have 
resulted from such advice. Aedes circumluteolus 
in Tongaland is another case in point, while it is 
easy to think of examples elsewhere in the world, 
such as Culex (Culex) tarsalis Coquillett in the 
western United States and Culex (Culex) tri- 
taeniorhynchus Giles in Japan, where a dominant 
mosquito species is also the chief virus carrier. 

This general review of the incidence of viruses 
in mosquitoes at Ndumu over a period of several 
years brings us to the question of the ultimate 
source and destiny of the viruses. During times 
when they are not demonstrable by current 
means, have they left the region? It has long been 
suspected that some viruses are introduced 
annually into a region by birds. At Ndumu, how- 
ever, the “bursts” of viral activity almost invaria- 
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bly represented different virus types appearing 
on the scene contemporaneously as separate 
biological phenomena. Even if birds are vehicles 
for viral dissemination, there is no evidence that 
they travel together in viremic groups, each 
carrying a different virus. 

The possibility that the viruses are overwinter- 
ing in inactive or minimally active mosquitoes 
also seems unpromising, because of the many 
instances in which a virus type was not detected 
for one or more years. 

A third supposition is that the viruses are 
actually present at Ndumu in hidden foci at all 
times, and that under certain mutually com- 
plementary ecological circumstances affecting 
groups of them equally, they break simultane- 
ously into conventional mosquito cycles. This 
interpretation of observed phenomena has the 
disadvantage of introducing unknown and pres- 
ently undemonstrable mechanisms, but on the 
other hand it accords with some facts that are 
inexplicable by classical hypotheses. However, 
rather than insist on this point, one should 
judiciously admit that the history of these viral 
types during their obscure periods is a complete 
mystery. 


SUMMARY AND CONCLUSIONS 


From January, 1956, through April, 1960, 
171,210 culicine mosquitoes from Ndumu, Natal, 
Union of South Africa, were inoculated into mice 
in 2,325 lots for attempted virus isolation. Fifty- 
nine recoveries of viruses were effected. 

The viral isolates, including nine identified 
viral types, were recovered from nine species of 
mosquito, but among these the only ones princi- 
pally concerned were Aedes (Neomelaniconion) 
circumluteolus (Theobald), Culex (Culex) univit- 
tatus Theobald, Mansonia (Mansonioides) afri- 
cana (Theobald) and Mansonia (Mansonioides) 
uniformis (Theobald), in the order named. 

The incidence of viral isolates in time and 
space at Ndumu indicates the possibility of the 
following assumptions having some basis in fact: 
(a) host specificity of most of the viruses con- 
cerned is not strict among genera of the tribe 
Culicini; (b) the virus types occurring in the 
Ndumu region may have undetected local cryptic 
cycles, their episodic reappearances being ac- 
counted for less by foreign reintroduction than 
by the occasional conjunction of ecological condi- 
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tions that permits them to enter mosquito cycles 
detectable by current methods of investigation. 
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In the 10 years following the isolation of the 
first member of this group in 1940, the viruses 
now recognized as the encephalomyocarditis 
(EMC) group were thought to be related to the 
polioviruses. The names “murine poliomyelitis 
viruses” and “parapoliomyelitis viruses’ came 
into use for this group during that period. The 
latter name is still used in some of the recent 
European publications. However, it has now been 
recognized that EMC viruses form a separate 
group with typical antigenic and pathogenic 
properties. With respect to epidemiologic con- 
cepts, they have never been completely separated 
from the polioviruses. It is generally believed 
that viruses of the EMC group infect man and 
animals by the oral route; and, since excretion of 
these viruses in the feces of infected individuals 
has frequently been observed, a fecal-oral trans- 
mission cycle has often been regarded as probable. 
However, proof for this view is lacking and some 
of the more recent findings would seem to indi- 
cate that it might not be correct.!? 

The objective of this study was to provide 
serological data on a large, well defined popula- 
tion. It was believed that this might enable the 
drawing of conclusions about the route of infec- 
tion in man and possibly also about the source 
of virus in man’s environment. 


MATERIALS AND METHODS 


The EMC virus used in this study was ob- 
tained from the American Type Culture Collec- 
tion as infected glycerinated mouse brain of the 
78th mouse brain passage. The HeLa cells used 
were of the Tuskegee D strain and had been 
maintained in this laboratory for several years. 
The virus was adapted to HeLa cells by inoculat- 
ing 0.1 ml of a 1:10 mouse brain suspension by 

* Aided by a research grant (E-1906) from the 
National Institutes of Health, U.S. Public Health 
Service. The work reported was performed during 
the author’s tenure of an Epidemiology Trainee- 
ship supported by National Institutes of Health 
training grant 2G-4. 


+ Present address: Trinidad Regional Virus 
—— P. O. Box 164, Port-of-Spain, Trini- 
dad. 
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weight into HeLa tubes and passing 0.1 ml of 
the culture fluid to new HeLa tubes after 24 
hours of incubation at 35°C. Virus of the 20th 
HeLa passage, which was completely adapted to 
these cells, was produced in quantity and used 
for all neutralization tests. The pool of this virus, 
denoted as EMC, HeLaz, was stored in 50% 
neutral glycerol at —20°C. A standard neutraliz- 
ing antiserum was prepared in rabbits. A stand- 
ard negative serum was obtained from a human 
volunteer. The virus received from the American 
Type Culture Collection, as well as the pool 
EMC, HeLaz , was reidentified by two methods. 
It was shown that they could be neutralized by 
horse anti-Col.SK serum prepared by Lederle 
Laboratories in 1949. The extent of this neu- 
tralization in mice was approximately the same 
with EMC virus as Dr. Jungeblut reported hav- 
ing found with Col.SK virus. It was shown also, 
in cross-neutralization tests with EMC, HeLaa 
and the 214M; virus strain§ and their respective 
antisera, that these two strains were identical. 
The latter strain represented the 3rd mouse brain 
passage of an EMC virus strain isolated from a 
Florida squirrel and identified and described by 
Kissling, Vanella and Schaeffer in 1956.* 

All neutralization tests were performed in the 
same manner, employing tube cultures of HeLa 
cells. An important precaution proved to be the 
testing of rabbit serum, used in the maintenance 
medium in 5% concentration, for EMC anti- 
bodies. Equal aliquots of inactivated serum in 
1:4 dilution and virus, calculated to contain 100 
TCDs5o per 0.1 ml, were incubated at room tem- 
perature for 1 hour before inoculating 0.2 ml into 
one HeLa tube. The tubes were read for cyto- 
pathic effect after 6 days of incubation at 35°C. 
Sera were not considered positive unless neutrali- 
zation was confirmed in a similar second test. 
For titration the technique differed only in that 
serial 2-fold dilutions of serum were employed 
and two tubes were inoculated per dilution. Usual 


¢ This serum was kindly made available by Dr. 
Claus W. Jungeblut. 

§ Virus strain 214M: was kindly made available 
by Dr. Donald D. Stamm. 
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controls included tests for serum toxicity, unin- 
oculated cultures, a virus titration and tests of 
standard normal and neutralizing sera. Titration 
endpoints for sera are given as the highest dilu- 
tion affording complete neutralization. 

The Louisiana study population consisted of 
947 members of 169 southern Louisiana house- 
holds. These households had previously been 
recruited for other studies but can conveniently 
be divided into three groups as to method of 
selection and definition of socioeconomic status. 

Group I. This group consisted of 72 households 
located in metropolitan New Orleans and in 
Baton Rouge and participating in epidemiologic 
studies of poliomyelitis as described elsewhere.‘ 
These households were contacted through the 
mother while she was in a hospital for delivery. 
They were classed as lower or upper socioeco- 
nomic on the basis of accrued annual income, 
with income of approximately $3,500 constitut- 
ing the dividing point. 

Group II. Twenty-five households from 
Morgan City and twenty-six from Franklin 
comprised this group. These cities are located 
about 150 miles west of New Orleans. These 
households had been recruited for a study de- 
signed to measure the amount of spread of a live 
polio vaccine within a community and were 
chosen to represent well defined, cohesive lower 
socioeconomic neighborhood communities with 
large child populations.’ They were specifically 
selected because of lower socioeconomic status 
and happened to be Negro households without 
exception. 

Group III. Forty-six households, previously 
recruited for a study of respiratory virus infec- 
tions, fell into this group. All these households 
were located in metropolitan New Orleans and 
had been recruited in the same manner as had 
the households of group I. All but three were in 
in the lower socioeconomic category. A break- 
down of the 169 households by area of residence, 
race and socioeconomic status is given in Table 
1. The fact that these households cannot be re- 
garded as a representative sample of all southern 
Louisiana households does not make them less 
suitable for our purpose. However, in what fol- 
lows, the differences observed have been evalu- 
ated by use of standard statistical tests. Infer- 


ences, in terms of the general population, may 
be drawn only as hypotheses subject to further 


confirmation. At this point, our interest is not in 
the impact which EMC virus has on the popula- 
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tion of southern Louisiana but in possible dif- 
ferences of this impact related to age, sex and 
socioeconomic status within a given population. 
A breakdown of the total study population by 
age, sex, race and socioeconomic status is given 
in Table 2. 

The sera of these people had been stored in 
screw-cap vials at —20°C for varying periods of 
time but in no instance longer than 2 years. 

The Peruvian population was composed of 
rural Indians living in either the Department of 
Cusco in southcentral Peru or the Department 
of Puno in south Peru. The sera of these Indians 
had been collected in the years 1953, 1954 and 
1955 as part of a study of their sero-immunity 
against epidemic typhus. The original investi- 
gators felt that their sample of sera represented 
adequately all age groups of this Indian popula- 
tion with the possible exception of the 0 to 4 
year old group.® Because of intensive use and 
long storage under varying conditions, many sera 
of the original sample had been exhausted or 
were found unfit for use. For the present study, 
the remaining sera were taken by serial number. 
For this reason, we can only state that the study 
population consisted of rural Indians living in the 
Andean highlands of southcentral and south 
Peru at altitudes of 10,500 to 12,000 feet under 
approximately uniform conditions. There was no 
particular reason for selecting Peruvian Indians 
as a second population other than the availability 
of a large number of their sera. A breakdown of 
this population is given in Table 3. 


RESULTS 


The Louisiana population. Of the 947 persons 
tested, 33 (3.5%) showed EMC virus neutraliz- 
ing antibodies. These 33 positive sera came from 
members of 29 different households (Table 1). 
Four households had 2 members with neutraliz- 
ing antibodies whereas the average number of 
persons tested per household was 5.6. 

Eleven positive sera were found in 482 male 
sera tested (2.3%) and 22 positives in 465 female 
sera (4.7%). The difference between these two 
percentages is sufficiently large to justify the re- 
jection of the hypothesis that men and women 
have equal prevalence rates of antibodies (p 
< .05).* 

The dividing line between children and adults 
in this population was drawn at 15 years because, 

* Approximately normal tests were used to 


arrive at the p-values quoted, unless otherwise 
indicated in the text. 
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TABLE 1 
Presence of encephalomyocarditis neutralizing antibodies in 169 Louisiana households by area, race and 


socioeconomic status 


New Orleans 





No. of households tested 





No. individuals tested 








Morgan | i | 
City (Franklin | 


| Total 


Baton Rouge 


— — 
| 


| 


26 «| 169 





- 


‘ 





Average no. tested per household 





No. of households with 1 or more 
positive members 

No. positive individuals 

% positive individuals 


*WU = white, upper socioeconomic; WL = 
socioeconomic. 


with a compulsory school attendance until the 
16th birthday, one can expect that in the lower 
socioeconomic classes adult behavior patterns 
would become established at about that age. 
Below the age of 15 years, boys and girls revealed 
antibody prevalence rates of 2.5 and 2.5%, re- 
spectively. For men and women, aged 15 to 50 
years, these rates were 1.9 and 8.1%, respectively. 
The significant difference between male and 
female prevalence rates noted above is obviously 
due to the large excess of adult women with anti- 
bodies. 

The prevalence rates of neutralizing antibodies 
in the three socioeconomic classes were 2.3% for 
the white upper class, 5.5% for the white lower 
class and 2.8% for the Negro lower class. The 
hypothesis that the three groups have equal 
prevalence rates cannot be rejected on the basis 
of these data (x? = 4.68, p ~ .10); however, 
a difference in rates is suggested. 

The prevalence rate for Negro children below 
age 15 appears to be lower than the rate for white 
children of the lower socioeconomic group. These 
rates, 1.8 and 5.2% respectively, can be shown to 
differ significantly (p < .05). The rates of white 
and Negro women of the same groups do not 
appear to differ significantly. 

The data do not reveal an influence of the place 
of residence on the prevalence rates of neutraliz- 
ing antibodies. No association was established 
between the presence of a positive household 
member and the presence or absence of pets and 
other domestic animals in the household. The 


6.0| 1.5 


white, lower socioeconomic; and NL = Negro, lower 





numbers were too small to permit analysis. The 
disease histories of persons with antibodies did 
not differ generally from those of persons without 
antibodies. Comparison of the occupation of the 
males with and without antibodies was also not 
revealing. 

It was felt that poor hygienic conditions might 
influence the possibility of infection with EMC 
virus. The division into lower and upper socio- 
economic groups paralleled to some extent differ- 
ences in hygienic household conditions. However, 
more accurate information was necessary for our 
purpose. Miss Dorothy R. LeBlanc, the public 
health nurse who had done the recruiting and 
contact work for the polio studies, was requested 
to indicate households with the poorest hygienic 
conditions, 5 each from Morgan City and 
Franklin and 7 from the 36 lower economic polio 
study households resident in New Orleans. Her 
selections were made without knowledge of the 
EMC serologic data. In each group the house- 
holds indicated by Miss LeBlanc included 2 with 
at least one sero-positive member, and in 2 groups 
(Franklin and New Orleans) single families with 
2 positive members were included. The positive 
members in the 6 households included 3 women, 
3 girls and 2 boys. In total Miss LeBlanc selected 
17 households of which 6 had positive members 
(35.3%), from a population of 87 households of 
which 17 (19.5%) had one or more positive mem- 
bers. This in itself does not justify the rejection 
of the hypothesis that poor hygiene and the 
probability of infection with EMC virus are inde- 
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TABLE 2 


Presence of encephalomyocarditis neutralizing antibodies in the Louisiana study population by 
age, sex, race and socioeconomic status 





White upper White lower 


Total 





Age group | Male Female Male | Female 


Negro lower 


Male | Female 


Male Female Male Female 





| | 
INP*| NT Ine | NT |NP 


37 | 2 
37 | 3 
1 





| 


(1 | 143 6 | 130 | 9 | 277 


| nr |Np| Nr NP| NT | 


| 
| 
| 
| 


% pos. 


| = 
ba] 


ee a 


% pos. 


as 


1 


9 3.2 


2.7 
2.8 


7.1 





; | 
| 


| 
| 
| 
| 


| 482 | 11 | 465 | 








NT 


pendent factors. However, the fact that she found 
2 of the 3 households which had 2 positive mem- 
bers and in addition listed these as the “‘dirtiest’’ 
in their respective groups makes it appear reason- 
able to doubt seriously the independence of poor 
hygiene and the probability of infection with 
EMC virus. 

All sera found with neutralizing antibodies 
were titrated. Nine sera revealed a titer of 1:4; 
seven sera, a titer of 1:8; five sera, a titer of 1:16; 
three sera, a titer of 1:32; four sera, a titer of 
1:64; and 5 sera had a titer of 1:128 or greater. 
The highest titer was 1:1,024 and was found in 
an 8-year-old boy. Sera from serial bleedings were 
available from 7 persons. The second serum had 
been taken approximately 1 year after the first; 
the third serum, 4 to 11 months after the second. 
In the testing all sera from one person were 
handled simultaneously. Except for one person 
who may have experienced a reinfection between 
the second and third bleeding, all persons showed 
a drop in titer between the first and third bleed- 
ing with a rate of decline of about 50% annually. 
Because of the fact that the time of infection and 
the maximum initial titer were unknown, the 
rate of decline observed cannot be interpreted 
fully. 

The Peruvian population. Neutralizing anti- 
bodies against EMC virus were found in 96 of 
the 995 sera tested (9.6%). Of the 590 sera from 


number tested and NP = number positive. 


the Department of Cusco, 62 had antibodies 
(10.5%). The remaining 405 sera from the De- 
partment of Puno revealed 34 positives (8.4%). 
The difference between these percentages is not 
large enough to justify the rejection of the hy- 
pothesis that the populations from Cusco and 
Puno have the same prevalence rates of anti- 
bodies. Therefore, in the following we shall con- 
sider the sera from the two departments together. 

Of the 995 sera, 497 were from males and 498 
from females; the prevalence rates of antibodies 
were 7.8 and 11.4%, respectively. The difference 
between these percentages is of borderline sig- 
nificance (p = 0.054). 

The division between children and adults in 
this population was drawn at 13 years. In this 
primitive population, the adult behavior patterns 
are established at about that age. The age of 48 
years is also regarded as one which roughly 
separates two different behavior patterns. Above 
that age men and women apparently tend to 
withdraw from heavy field labor and become 
more restricted to household duties.” The division 
into age groups as shown in Table 3 was deemed 
advisable because the ages of many people were 
obviously arrived at by guesswork. For boys and 
girls under 13 years of age the prevalence rates 
of neutralizing antibodies were 7.5 and 7.9%, 
respectively. For men and women aged 13 to 47 
years these rates were, respectively, 5.9 and 
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TABLE 3 
Presence of encephalomyocarditis neutralizing antibodies in the Peruvian study population by age and sex 





Males 
Age group 


Females Total 
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0-7 

8-12 
13-17 
18-22 
23-27 
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38-42 
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48-52 
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63-67 
68-72 14 
73+ 12 
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10 
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497 | 39 | 7.8 | 





57 
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* NT = number tested and NP = number positive. 


12.3%. For men and women 48 years or older the 
rates were 14.5 and 12.4%. The difference in 
prevalence rates between the sexes is significant 
only for people aged 13 to 47 years (p = 0.01). 


DISCUSSION 


Prior to this study no EMC neutralizing anti- 
bodies had been reported from Louisiana or Peru. 
Because of the stability of the populations 
sampled, the presence of these antibodies can be 
accepted as an indication that infections with 
EMC virus do occur in these countries. Addi- 
tional evidence of this for Louisiana was ob- 
tained by testing sera of 164 wild Rattus rattus 
norvegicus. Eight (4.9%) of these sera showed 
antibodies against EMC virus. 

Familial occurrence of EMC neutralizing anti- 
bodies was not found in the Louisiana study 
population. It is possible that a more sensitive 
test than the one employed here would have dis- 
closed some additional families with more than 
one positive member. However, it is equally 
likely that such a test would have increased the 
number of families with only one positive mem- 
ber. Also, in the light of the data given with 
respect to hygienic household conditions, more 
than one positive in a family might simply indi- 
cate that these families live in surroundings where 
EMC virus is present. If a true familial pattern 


occurred we would expect several members of 
these families to have detectable antibodies at 
the time of the test. This, however, should be 
true at the higher, detectable levels as well as at 
the lower levels. This pattern was not found at 
the level of the test used. 

The influence of long cold storage with re- 
peated freezing and thawing on EMC neutraliz- 
ing antibodies in human sera could not be as- 
certained from the literature. Some loss seems 
likely under these circumstances but this factor 
has not been assessed. 

For the interpretation of the results of this 
survey it has been accepted that EMC virus in- 
fection generally results in the production of 
neutralizing antibodies. However, some instances 
have been described where virus was isolated 
from the feces of individuals who subsequently 
failed to develop antibodies.* The possible con- 
sequences of this phenomenon in the interpreta- 
tion of the data at present cannot be evaluated. 

With respect to the influence of poor hygiene 
on the probability of infection with EMC virus, 
reference is made to papers by Barski and Corne- 
feret! and by Adamcové and Bardos.*:!¢ 

The first authors found with a neutralization 
test using Mengo virus in monkey kidney tissue 
cultures that Pygmies from the Ituri forest in the 
Congo had a prevalence rate of antibodies of 44%. 





598 ANDRIES 
Negroes living in the same area along the main 
roads or in isolated villages had rates of 29 and 
18%, respectively. Hygienic conditions in these 
three groups tended to improve in the order in 
which they are mentioned. 

The second authors compared the results of 
neutralization tests in mice on sera from East 
Slovakia, where 3 of 87 were positive, with results 
from Albania, 13 of 112 sera neutralized 
EMC virus. They suggested that the difference 
between these rates possibly was related to the 


where 


over-all lower socioeconomic situation in Albania. 
The difference between the rates found in the 
Louisiana and the Peruvian study populations 
(3.5 and 9.6%, respectively) also corresponds 
with a difference in hygienic standards. As sug- 
gested by our data, poor hygienic household con- 
ditions might well be associated with the fre- 


quency of EMC virus infection. The higher 


prevalence rates of antibodies found in adult 


Louisiana women and in adult women and old 
men in Peru possibly indicate that these popula- 
tion groups, more than others, come into contact 
with the particular niche of the virus. The activ- 
ities of these population groups would seem to be 
concentrated in and around the house and often 
to be associated with food-handling.’ It may be 
noted that through such activities these groups 
would come into closer contact with domestic 
rodents and their excreta than would other seg- 
ments of the population. The distribution of 
EMC neutralizing antibodies with respect to age, 
sex and hygienic household conditions in the 
study populations would be more easily under- 
stood if indeed rodents were a natural reservoir of 
EMC virus and if man actually became infected 
from this source. As a possible route of infection 
it is suggested that contamination of skin wounds 
(the cracks in chapped hands for instance) with 
infected rodent excreta deserves serious consid- 
eration. With this mechanism of infection, the 
distribution of EMC neutralizing antibodies as 
observed in the study populations could be ex- 
plained. 


SUMMARY 


Sera of 947 members of 169 southern Louisiana 
households and of 995 Peruvian Indians from the 
Andean highlands were examined for the presence 
of encephalomyocarditis (EMC) virus neutraliz- 
ing antibodies. Of the sera from Louisiana 3.5% 
showed antibodies; of those from Peru, 9.6%. 
In both populations it was found that boys and 
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girls had equal prevalence rates but that adult 
females had higher rates than did adult males. 
The data suggest an association between very 
poor hygienic household conditions and prob- 
ability of infection. No familial pattern in the 
occurrence of antibodies was found. The possi- 
bility that man becomes infected by the con- 
tamination of skin wounds with infective rodent 
excreta was mentioned. 
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Kuru presents a situation unique in medicine of 
a place-limited, apparently genetically-deter- 
mined disease in a human population isolate 
which has attained such proportions that it more 
than decimates the original population each 
decade. As an urgent problem of a progressing, 
unchecked plague afflicting a whole people, it 
presents an unparalleled challenge to medical 
research. The peculiar circumstances and situa- 
tion of kuru offer an unusually inviting oppor- 
tunity to scientists in the field of biochemistry, 
neurology and human genetics for investigation of 
significance to the entire problem of the patho- 
genesis of degenerative disorders of the central 
nervous system as a consequence of inborn errors 
of metabolism. In the introductory paper of this 
series the ethnic setting and some of the problems 
which it imposes upon the study of kuru have 
been discussed. In this paper we shall present a 
demographic analysis of the populations of the 
kuru region and a more detailed study than has 
yet been reported of the geographic distribution 
of the 961 cases of kuru studied since January 1, 
1957, and over 1,000 documented cases which oc- 
curred prior to 1957. From this study it is possible 
to delineate exactly the current limits of kuru 
occurrence and to make more accurate estimates 
of kuru morbidity and mortality. As kuru oc- 
currence is documented in the future, it can only 
be interpreted with reference to the situation as 
it has been observed during the first four years of 
medical surveillance, and for that reason we are 
presenting the epidemiological data in consider- 
able detail. 


The Racial Setting of Kuru 


All inquiries into kuru return to the question of 
the origin of the ethnic stock which is uniquely 
afflicted with this strange disease. This has been 
discussed in some detail in the first paper of this 
series! but further anthropological and geo- 
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graphical correlations are necessary in order to 
view the phenomenon of kuru in proper perspec- 
tive. 

The kuru problem involves only a small portion 
of the total Melanesian populations of New 
Guinea. However, the origins and racial affinities 
of any group of New Guinea natives is a matter of 
disagreement and controversy among anthropol- 
ogists. Conventionally, the Pacific peoples are 
divided into three geographically and anthro- 
pometrically defined races: the Polynesians, the 
Micronesians and the Melanesians. All authorities 
concur on the racial polymorphism of the Mel- 
anesians, and some even differentiate between the 
Melanesians proper and the natives of the island 
of New Guinea. We shall use the term Melane- 
sian in a geographic sense, to define all native 
inhabitants of New Guinea, the islands of the 
Bismarck Archipelago (including New Britain, 
New Ireland and the Admiralty Islands), New 
Caledonia, New Hebrides, Loyalty Islands, Fiji 
and the Solomon Islands, with the exception of 
some of the smaller easternmost islands. 

Figure 1 illustrates the geographic distribution 
of the indigenous races of the South Pacific and 
Table 1 summarizes the currently estimated 
populations of each group. Table 2 summarizes 
the recent population data for the Melanesians 
under Dutch and Australian administration on 
the island of New Guinea and in outlying islands. 
To the south, on the Australian continent are the 
Australian aborigines and to the west the non- 
homogeneous Indonesians who occupy the many 
islands of the Republic of Indonesia and the 
Philippines. Further anthropological data on the 
races of the South Pacific are given in the Ap- 
pendix. 

There are about 2,323,850 indigenes living on 
the island on New Guinea, the second largest 
island in the world. The eastern half of the island, 
administered by Australia, has an estimated 
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Fig. 1. Geographic distribution of the indigenous races of the South Pacific 


population of 1,831,530. Over 470,000 reside in 
Papua, the southern portion of the Australian 
half of the island. 

The kuru region lies in the Eastern Highlands 
administrative division of the Territory just north 
of the political boundary which separates the 
New Guinea Trust Territory from Papua. The 
Australian portion of the New Guinea mainland 
is divided into eleven administrative regions, 
three of which embrace the interior Highland 
populations: Eastern, Western and Southern 
Highland divisions. The total Highland popula- 
tion under Australian administration is estimated 
at about 723,000, which figure excludes the 
mountain peoples of the peripheral ranges, such 
as the Finistere near the northern coast, and 
Owen-Stanley ranges of Papua. The estimated 
300,000 additional Highlanders on the Dutch 
side of the island bring the total to over 1,000,000. 
The Highland peoples tend to be more akin to 
each other in anthropometric type and in the 
style of their cultures than to the coastal peoples, 
although among both the Highlanders and the 
coastal populations there is a great physical and 
ethnic diversity. The Highland population data 
are summarized in Table 3. 

The Fore people and their neighbors are typical 
New Guinea Highlanders and, according to the 
terminology we have chosen, Oceanic Negroids or 


TABLE 1 


Estimated population of various native 
races of the Pacific 





i ot, Melanesians 
New Guinea 
Other islands 
Polynesians 
Micronesians 
Indonesians 
Australians 





Melanesians. Furthermore, their origin, as that of 
all Melanesians, remains in doubt; but it is safe to 
hypothesize that some ancient primitive type of 
Oceanic Negroid people were among the ancestors 
of current New Guinea Highland races. Whether 
New Guinea Negrito pygmies are more closely 
related to the earliest New Guinea inhabitants 
than are the taller Melanesians, such as the Fore, 
is undeterminable. More probably they are all 
derived from the same ancient Negroid stock, 
rather than from African Negroids.? Most plau- 
sibly, both the African and Oceanic groups, if 
related at all, are derived from an ancient primi- 
tive type of dark-skinned race which inhabited 
much wider areas of Africa, Asia and Oceania, 
including Australia, than the Negroid peoples 
now inhabit. 
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e population of New Guinea 


Netherlands New Guinea* 


Australian New Guinea 


Papuat 


New Guineat 


Other islandst 


Total Melanesians 


ministration 


under Australian 


Total Melanesians on the island of New Guinea 


* Source of population data 


Netherlands New Guinea for the Year 


1959 


Government of Netherlands 


103 073 
1 300,000 


366 ,691 
104,200 


,072 ,986 
76 900 


209 653 


1,100 


T eirea 


1,831,530 


2 534,603 
2,323 , 850 


Ministry of Affairs Overseas, Report on 


presented to the Secretary General of the United Nations. 


+ The Territory of Papua comprises the southeastern portion of the island of New Guinea together 
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Department of Territories, Territory of Papua Annual Report for 
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1959 


t The population figure for New Guinea is only for the northeastern portion of the island of New 


including nearby offshore islands 
Che other islands of the Australian Trust 
Bougainville of the north Solomon Islands 
New Ireland and the Admiralt Islands 
Report to the General Assembly of the 
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source 


(juinea from 1 July 1958 to 30 June erra 


Figures 2 to 5 illustrate met 


bers of several of 


the ethnic groups of the kuru region and the su 


rounding populations and show the type of 
hamlets in which they live 
2 of paper \ ol t] 


groups of the 


The map in Figure Is series 
page 64] 
Highlands of 


the immediately 


linguisti 
Australian New 


surrounding 


shows. the 
Kastern Cruimea 
with 


this 


and regions, 
the boundaries of the 
rhe 
superimposed on this map as a stippled area 
Highlands, in the 
which the kuru region is located, has an estimated 
333,700. It is 


linguistic gTOUDS ol 
been 


The 


portion of 


area region of kuru occurrence has 


Eastern southern 


population of about imong the 
kuru-free peoples of the Eastern Highlands who 
surround the current kuru region that we must 
look for the further spread and dissemination of 
the disease 

In Table 4 population data from recent govern 
and cul 


mental census reports for the linguistic 


tural groups which are depicted on the map mn 


Figure 2 of paper V of this series are tabulated. 


It is part of the Australian Trust Territory of New Guinea 
lerritory of New Guinea comprise the islands of Buka and 
ind the Bismarck Archipelago comprising New Britain, 


population data: Commonwealth of Australia, 


United Nations on the Administration of the Territory of New 
1960 


TABLE 3 
Highland populations of the 


sland of New Guinea 


Australian New 

Highlands 
Eastern Highlands 
Western Highlands 
Southern Highlands 
Netherlands New 

Highlands 
Total 


Guinea 


Guinea 
300 ,000T 
1,022,833 


Australia 
the United 


Report to the 
Nations on the 
Administration of the Territory of New 
1958 to 30 June 1959, Canberra, 


* Commonwealth of 
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Australia, Department of 
Papua Annual Report 


30 June 1959, Can 
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retary General of the United Nations. 
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Fic no riou ultural and linguistic groups of the kuru region and adjacent populations 
showing habitus and dress 

From left to nght \. Fore, B. Gimi, ¢ Awa, DD. Keiagana, Fk. Yar, F. Kukukuku. Only the Yar 
Pavaia people had trade contacts out to the Papuan coast at the time kuru investigations were started in 


1057 nd thus o their men possessed clothing obtained from traders 


Thirty thousand yple, including all of the there are another 6,000 people. This estimate 
11,991 Fore, 3, , 2.584 Kanite and 1,060 includes only the Kukukuku populations of the 
Usurufa, live u res where kuru is occurring Eastern Highlands, administered from Wonenara, 
ind has oecurred in p vears. The population of ind not the Kukukuku, administered from 
the kuru region is also made up of segments of the \lenvamya in the Morobe District. Some 30,800 
Gimi, Keiagana, Yagaria, Kamano and Auyana _ people live in the 140 villages of census units af 
linguistic groups. However, only those portions of | fected by kuru. The Fore comprise 11,991 of this 
the linguistic groups whi ie close to the Fore, — total 

not the more remote census units of these cul It is among these peripheral populations that 
tures, are affected. Of those linguistic groups now kuru is most likely to next appear as the geo 
only partly affected by kuru (7.e., Auvana, Gimi, graphical region of marriage interchange in- 
Keiagana, Kamano and Yagaria), there are cluding the kuru region spreads. Furthermore, the 
138,500 people residing in kuru-free hamlets. In remaining people of the Eastern Highlands are 


the remaining linguistic groups, immediately — likewise already “endangered” since Fore youths 


vdjacent to the kuru region wherein kuru has not are leaving the kuru region to take up employ- 
vet appeared (7.e., Awa, Kukukuku and Yar), ment on plantations and other work near Goroka, 
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Fic. 3. Mothers and young children of various cultural and linguistic groups of the kuru region and 
adjacent populations 


From left to right 


A. Fore, B. Gimi, C. Awa, D. Keiagana, E. Yar, F. Kukukuku of Moraei. The Ku 


kukuku mother is holding an infant with a complete harelip, a defect rarely seen in this region where 
twins and defective infants are usually destroyed at birth. The infant had no cleft palate, but did re 


quire cautious assistance during feeding 

Henganofi, Kainantu and Aiyuria. However, few 
of these 
distant linguistic groups. Some Fore young men 
kuru 


plantations, 


laborers obtain wives from the more 


from the region are already at work on 


coastal and a few have already 
reached other islands, such as New Britain. 

In the Eastern Highlands alone over 100,000 
additional natives may be considered already 
within the region of current possible dissemina 
tion of kuru, since members of their linguistic 
group have begun to marry kuru region natives. 
Except for a few rare instances in recent years, 
there is no reproductive contact between the other 
Melanesian populations beyond these limits in 
the Eastern Highlands and the kuru 


natives 


region 


Glottochronological Analysis of the Highland 
Populations as Applied to the 
Kuru-afflicted Populations 


Dr. S. A. Wurm of the Australian National 
University has recently outlined groupings of 
languages in the Highlands districts of the Ter 
ritory of Papua and New Guinea.* Wurm has 
divided Highland Australian 
side of the island into the following families, all 
East New Highland 
Stock: the Gadsup-Auyana-Awa-Tairora family, 


languages of the 


belonging to his Guinea 
the Gende-Siane-Gahuku-Kamano-Fore family, 
the Hagen-Waghi-Jimi-Chimbu 
Enga-Huli-Pole-Wiru 
family. 


family, the 


family, and the Duna 
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irrangement in hamlets of various cultural and linguistic groups ot the kuru region 
tions 
\. Fore village of Agakamatasa, B. Gimi village of A’ibu region, C. Awa village 
gana village of Haga, Fk. Yar village of Weme, F. Kukukuku village of Chairoguoro 
Men and women live in separate houses in all these cultures but the Yar village 
onger in the Highlands. In the Fore and Keiagana hamlets a house of the men 
the right background of each picture; they are larger than the women’s houses 
the two houses in the cente foreground are those of young boys preadolescents 
idolescents for here ge groups are n yore distinetly segreg ited than in the kuru 


village the men’s house is in the rear center 


problem of dating for the recent past has already 


enturies in been discussed in the introductory paper of this 


ive littl | series.' The work of S. A. Wurm in glottochrono- 


nto the distant p | logical analvses of Highland languages affords 
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Fig. 5. Men, women and children in social and family groups in three cultural and linguistie groups 
of the kuru region and in three adjacent populations. 

From left to right—A. Fore, B. Gimi, C. Awa, D. Keiagana, E. Yar, F. Kukukuku of Moraei. The Fore 
group is eating food recently distributed from a community mumu. The Gimi family is grouped about 
the mother, a victim of advanced kuru, who has been carried from the low-roofed women’s house to which 
she was confined. The Yar group is resting at a sago processing site and the Kukukuku women are await 
ing medical attention from our medical patrol of the region 


the only available meter. For that reason, it is of | the theories put forward by Swadesh,°® by Lees® 


interest to summarize Wurm’s data as they per- and others, may have elapsed since two such 


tain to the linguistic groups involved in kuru. In Janguages have separated from each other,?*:>:* 


his calculations Wurm lists the percentages of 

* According to M. Swadesh (Editor: Amerindian 
Von-cultural Vocabularies, revised edition 1955) 
related languages sharing less than 12°), of their 
mate number of vears which, in accordance with basie vocabularies are said to belong to the same 


items of basic vocabulary shared by two given 


languages and, derived from these, the approxi 





H06 


Pop tlation of | 


Agarabi 
Auyana 
Awa 
Azana 
Bena Bena 
Fore North 
Fore South 
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TABLE 4 


inquistic groups tn and surro inding the kuru region 


8232 
$414 
1185 
150)* 
12864 
5029 5029 
6962 11991 6962 
7102 


7418 é 1593 


10204 ‘ 
1928 1R95 
323 
2584 2584 


S445 ; 6622 


1000 * 
19500* 
9723 
6166 
2424 
S49 
3935 
13095 


700* 


38517 


1958 
1958 
1959 
1960 
1958 
1958 
1958 
1958 


L958 


1958 
1957 
LO58 


L958 


1960 
1957 
1958 
1958 
LO58 
1958 
1957 
1958 


1957 


Kstimated D ypul ition 


A/A lministrative area 


Such computation is based on the assump 
tion that the percentage of basic vocabulary 
cognates shared by two languages is indicative of 
the time elapsed since the now different languages 
began to diverge from a single parent language 
There are, in fact, many factors which may in 
crease or reduce the rate of change of vocabulary 


ind there is considerable controversy raging over 


the validity of lexico-statistical dating, especially 


l 


is applied to a group of languages where no 


hecking of the results from historical sources is 


possible ind such is the case in Melanesia 
phylur If the basic vocabulary items shared are 
between 7°, and 12 the languages are said to 
belong to the same microphylum. Languages shar 
ing between 12°, and 28°; of their basic vocabu 
laries are said to belong to the same stock, whereas 
languages sharing between 28°, and 81°, are said 


o belong to the same family 


However, since we are more interested in the 
relative results than in the absolute time esti 
mates, the data warrant our consideration 

By lexico-statistic dating the languages within 
each family appear to have been separated from 
each other for periods under 2,500 vears, whereas 
the degree of interrelation between languages 
belonging to different families reveals, in general, 
a separation of over 2,500 vears.° Kuru involves, 
principally, people speaking the Gende-Siane 
Gahuku-Kamano-Fore languages, although a 
lew cases are occurring in meé mbers of the \uy 
ana-Usurufa subfamily of the Gadsup-Auvana 
\wa-Tairora family 

lable 5, taken directly from Wurm,* summa 
rizes the five families of the East New Guinea 
Highland Stock and the number of speakers of 


each language. Thus, linguistic groups falling 
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Highland district 
located on the map referred to above (Figure 2, 
paper V% different 
families within the Stock average between 18% 


within the Eastern may be 


Languages belonging to 
and 25° agreement in basic vocabulary, whereas 
different 
mostly 


subfamilies 
10°, to 


> agreement, and languages belonging to the 


languages belonging to 


within the same family show 


( 


55 


same subfamily usually agree in more than 60% 


of their basic vocabulary.* It is of particular 
interest to note that in the Gende-Siane-Gahuku 
Kamano-Fore family kuru is found only in the 
and the 
subfamilies. Furthermore, within this family the 
relationship of the Fore to the kuru-free Bena 
bena is at least as close as to the kuru-affected 
Keiagana; whereas, the relationship of the kuru- 


Fore-Gimi Kamano-Yagaria-Keiagana 


affected Keiagana to the kuru-free Benabena is 
considerably closer than that of the Keiagana to 
the Fore, both kuru-affected 


in Table 6 where glottochronological separations 


This can be seen 


of the Fore, Keiagana, Gimi and Usurufa lan 
guages from various other languages of the kuru 
region, and others beyond the limits of kuru 


Moreover, the rela 
tionship of the Fore to the kuru-affected Usurufa 
of the Gende-Siane-Gahuku-Kamano-Fore family 


occurrence, are tabulated.” 


is extremely distant (19°,—3,550 to 4,150 vears). 
Thus, we have here a glottochronological separa 
tion between two kuru-affected linguistic groups 
than 


between many only distantly related languages 


which is greatet the separation observed 


belonging to different families 

These data would tend to throw considerable 
doubt on the hypothesis which would trace the 
origin of all the kuru-affected peoples to a single 
Urstamm. On the other hand, the Fore language 

*S. A. Wurm’s own examples may serve to illus 
trate the degree of difference indicated by the 
above figures. Thus, agreement in basic vocabu 
lary between languages belonging to different fam 
ilies within the East New Guinea Highland Stock 
(18 to 25°7) is approximately equal in magnitude 
to that observable when comparing Homeric Greek 
with modern spoken Greek, Akkadian with modern 
spoken Arabic, or Middle Egyptian with late Cop 
tic 

Differences between Highland languages be 
longing to different subfamilies within the same 
family are comparable in magnitude to those ob 
servable between Anglo-Saxon and modern Eng 
lish, Gothic and English, and Latin and modern 
Italian. Differences between languages belonging 
to the same subfamily are of the same order as 
those existing between thirteenth century English 
and modern English, Middle High German and 
modern High German, and Italian and Spanish. 


INCIDENCE 607 
seems to be separated from all surrounding lan- 
guages but that of the kuru-affected adjacent 
Gimi by at least 2,300 years, and this would 
lend credence to the hypothesis that the Fore, 
at least, may be a people derived from an ancient 
We would then 
that kuru first reached massive proportions within 


breakaway Urstamm. suppose 
the Fore people and, in more recent times, has 
been spreading by diffusion—presumably through 
intermarriage—into the encroaching, surround- 
ing linguistic groups. 

The East New Guinea Highland Stock (731,- 
000 speakers) may be grouped with five other 
Highland remote 
relationship to the others than that between 


members of a linguistic stock. These are the three 


languages which bear more 


related languages of Kobon-Karam-Gants in the 
Western Highlands (with about 10,000 speakers), 
Kutubu (Foi) (2,584 and Mikaru 
4,000 speakers). These languages, to- 
gether with the Stock, comprise Wurm’s East 
New Guinea Highland Phylum of 748,000 speak- 
ers. Eight remaining Highland languages cannot 


speakers) 
(about 


be included in the phylum and, as an apparent 
coincidence, two of the eight border 
with the kuru-afflicted kuru 
does not pass. Thus, the Pavaia language of 
Yar people, with an estimated 187 population in 
the Highlands, overlaps into the Gulf District 
total of 2,000 
speakers. This language has only 3°% to 5% 
East New 


form a 
Fore over which 


of Papua to embrace a almost 


shared basic vocabulary with the 
Guinea Highland Stock. 

Finally, the Kukukuku type natives, living 
between the Aziana and Lamari Rivers and the 
eastern border of the Eastern Highlands, speak a 
group of related languages bearing no detectable 
relationship to the East New Guinea Highland 
Phylum. It is most remarkable and thought- 
provoking that just these 
and cultural 


borders of sharp 
discontinuity should 
coincide completely with the southeastern limits 
of kuru, and that at these very borders the 


discontinuity between kuru and kuru-free areas 


linguistic 


is most sharp—high kuru incidence ending ab- 
ruptly, whereas, at other borders, kuru incidence 
tapers off gradually, with apparent currently 
continuing diffusion into the bordering groups, 
It is of further interest that here, between Fore 
Kukukuku, 


peoples, we have anthropometric change as 


and and Fore and Yar-Pavaia 


well, a greater shift in physical type than has 
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PATTERNS OF KURU INCIDENCE 


been noted between any other adjacent groups 
in the Eastern Highlands. 

To the south, toward the Yar people of the 
Pavaia linguistic group, there is a marked eco- 
logical shift with a drop in elevation. However, 
a generation ago the southernmost Fore of the 
Kasarai group retreated southward under pres- 
sure of war by the southern Gimi people. They 
made a settlement at Abonai in the Yar region 
of the sago palm and here, in a very different 
and malarial environment, continued to suffer 
from kuru. It was the malaria, however, and not 
the kuru, which drove them back north and across 
the Yani River to their traditional grounds. Thus, 
Yar-Pavaia people suffer no kuru in the same 
ecological region in which newly-arriving Fore 
continued to have kuru cases develop during a 
period of over a decade of residence. On the 
Kukukuku-Fore border, along the Lamari 
River, which is a similar border of sharp dis- 
continuity in kuru incidence, there is no apparent 
shift in ecology—elevation, vegetation and geo- 
logical structure being essentially alike on both 
sides. 


Census and Statistics of the Papua and 
New Guinea Administration 


At approximately yearly intervals censuses 
are conducted throughout the Territory accord- 
ing to census divisions which are made to coincide 
as nearly as possible with linguistic-cultural 
groups, although geographical considerations or 
administrative convenience may occasionally 
dictate otherwise. These summaries are compiled 
for each individual census unit and totaled for 
each census division into Village Population 
Registers. 

These censuses are prepared during the visit 
of a patrol officer to the census unit. A census 
unit consists of a village or group of small related 
hamlets combined for census purposes. In some 
cases two or three small, but socially independent, 
hamlet clusters are grouped into one census unit. 
More often, a large group of closely related ham- 
lets is separated into two or more census units. 
Names of all members of each census unit are 
recorded in family groupings, together with an 
estimate of the year of birth. The people assemble 
and go forward in family groups, giving their 
names personally; also, the names of family 
members and relatives who are absent for any 
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reason—visiting, in hospital, at work or at school. 
Absentees are noted as such, together with the 
reason for absence. Pregnancies are also recorded 
to enable later statistical follow-up of births and 
neonatal deaths. By this same procedure, these 
records are revised annually. During revision, 
births and migrations into the census unit are 
recorded, and migrations out, and deaths are 
deleted. Cause of death is noted, if known.* 

From these records, compiled either as village 
population registers or tax census books, the 
information required to complete the Village 
Population Register is obtained. An example of 
this Register is presented below in Figure 6. 
Such summaries are compiled for each individual 
census unit and totaled for each census division. 

From census records in village population 
registers it is impossible to construct the con- 
ventional demographic age and sex distributions 
of the population. Furthermore, what age data 
are available are based upon rough age estimates, 
determined as discussed in a previous paper.! 
However, from these records a rough age distribu- 
tion of the population into the following divisions 
can readily be reconstructed: under 1 year, 1 to 
9 years, 10 to 15 years, 16 to 45 years, over 45 
years. This has been done for a number of groups 
and is presented in Table 7, along with male to 
female sex ratios for each age group. The method 
of such a calculation from Village Population 
Registers is summarized below: 


* Under the pressure of multifaceted adminis- 
trative work a government patrol officer can 
hardly be expected to give the same critical atten- 
tion to a census record which an anthropologist, 
geneticist, demographer or epidemiologist would 
desire. Thus, it is certainly true that critical demo- 
graphic or epidemiological work cannot be done 
using usual census records. In the kuru region, 
however, we have been fortunate in having as a 
full collaborator and coworker in the epidemio- 
logical, demographic and genetic elucidation of the 
kuru situation our coauthor, Mr. Jack Baker, who 
has worked closely with the kuru medical investi- 
gators as a member of the medical research team. 
He was administrator in charge of the Okapa Ad- 
ministrative Area from the beginning of 1957 
through mid-1959 and has conducted all adminis- 
trative activities and censuses with the require- 
ments of the medical research in view. In 1959 he 
spent 6 months at the NINDB, National Insti- 
tutes of Health in Bethesda, as consultant to the 
kuru study. Thus, we have accepted the census 
data for the period of study with the knowledge 
that it comprises a more reliable scientific docu- 
ment than might be the case for many other census 
records in a region as primitive as New Guinea. 
D.C.G. and V.Z. 
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Fig. 6. Sample of the Village Population Register census record used by the government in the kuru region 


Method of calculation from Village Population 
Register, example from 1958 South Fore census 


(Figure 6) 


ee Computation from census data} Male | Female 
( years 


Under 1 Births 


1-9 Children (totals ex- 1913 | 
cluding absentees) 
plus 
Student absenteest 


Births %2 |\—231 
1666 | 1188 

minus 
Labor potential, 10 to | —646 |—292 
16 years ——— 
1020 | 896 


Labor potential, 10 to 646 | 292 
16 yearst 





Labor potential, 16 to 1820 
45 years§$ 


Over 45 


Adults (totals exclud- 2123 
ing absentees) 
plus 
Absentees at work in- 229 
side and outside dis- 39 | 
trict a - 
2391 | 1224 
minus | 
Labor potential, 16 to |—1820 |—991 
45 years — | 
233 





* Village Population Register references: child 
= 0 to 15 years, adult = 16 years and over. 

t The assumption is made here that all absent 
students are under 10 years of age. For the kuru 
region in 1958 this is a valid assumption. 

t The age group 10 to 15 years was counted at 
the time of census in this category, in spite of the 
mislabeling of it as 10 to 16 years on the printed 
Village Population Registers. 

§ Labor potential is accurately listed as 16 to 
45 years. 


Kuru Incidence 


The data summarized in this section cover all 
cases of kuru which have occurred over a period 
of 4 years of intense kuru surveillance from 
January 1, 1957, through the end of 1960. In 
this 4-year period 961 kuru cases were studied. 
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PATTERNS OF KURU INCIDENCE 


TABLE 7 
Age and sex distribution of population* 








lyr 1-9 yr 10-15 yr | 16-45 yr 








Kuru-affected 





South Fore 1958 | M| 262 1020 | 646 
F| 231 | 896 292 
T| 493 1.13) 1916 1. 938 

North Fore M| 112 846 | 405 

F; 108 831 255 

T} 220 1.04| 1677 1. 660 

Kanite ] 92 407 239 
"8 415 | 111 

173 1. 822 0.98) 350 

105 545 | 359 

"|; 142 472 204 

247 0.74 1017 1.15) 563 

Usurufa ] 16 122 65 
y 21 118 | 50 

37 0.76; 240 1.03) 115 

Keiagana M! 168 1132 | 461 
‘| 161 1079 271 

$29 1. 2211 1.05) 732 

Gimi M) 132 737 407 
‘| 136 684 202 

T| 268 0. 1421 1. 609 

Agakamatasa ] : 18 | 16 
Village FS i 11 | § 

29 1.64) 21 

Mugaiamuti \ 57 25 

Village FS ) 30 | 
87 1. 36 

Kamira \ 52 

Village FS ) 35 
: 87 

Moke \ 37 

Village FN yg 50 
T 87 0.7 




















Keiagana \ 290 | 118 
} 275 | | 39% | 80 

565 1. 00 | 02) 198 

Gimi M & 494 | 151 
, 425 gs | 166 

919 1. .06 | 317 

Labogai \ | 1688 359 
? | 1499 | | 405 

3187 1. 6 05) 764 

Gadsup | 195! I 5 764 | 671 
P 726 | 129% | 715 

1490 1. 12 | 0.93 1386 

Tairora M| 75 723 | | 426 
, | 722 | 551 

3) 1445 1. 27 | 0.90} 977 
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Group 


1-9 yr 


10-15 yr 16-45 yr 





New Britain 





Inland Melkoi 


178 
194 
372 
213 
180 
393 
163 
158 
321 


Mamusi #1 


Mamusi #2 


0.78 


110 

116 

0.92, 226 
95 
105 
200 
95 


os 


‘é 


1.03, 172 


332 
320 
652 
287 
358 
645 
265 
281 
546 


771 

757 
32,1528 
727 

748 
40/1476 

| 601 

607 
0.93|1208 


87 
202 
89 
64 
153 
43 
46 
89 


1.18 


1.23 0.94 





*M, male; F, female; T, total; FS, Fore South; 
totals are male to female ratios. 


Of these, 734 are now dead, 163 are “living”— 
i.e., either known to be still alive or not yet 
verified as dead by return visit to their communi- 
ties—and 64 are “recovered.” This “recovered” 
group contains some misdiagnoses, some cases of 
hysterical mimicry of kuru, and instances of 
remission of true kuru; at the current state of 
our knowledge, these three categories cannot be 
separated. The problem of recovery and remis- 
sion of kuru will be discussed at greater length 
in a subsequent paper in this series.* 

Table 8 presents a summary of the kuru- 
affected census units and their censused popula- 
tions, together with the data on the number of 
kuru cases which have occurred in each census 
unit since January 1, 1957, separated into dead, 
living and recovered categories. Census units are 
tabulated by native area, or major subdivision 
of the cultural and linguistic group to which 
they belong. These are located on the map in 
Figure 7. We have purposely used 1958 census 
figures as being most representative of the 
population over the 4-year period. Census units 
without any kuru cases recorded are listed when 
they are known to have had kuru deaths prior 
to 1957. Fatal cases are located by place of 
death, since this can be more accurately assigned 
than place of onset. It is the same as the village 
of onset and residence for most cases, but a certain 
number of cases, particularly recently married 
young women who have gone to live in the 
villages of their husbands, return to their home 
villages to die. Living patients are assigned to the 
village of their current residence. 

Within the kuru region there has been a wide 
difference in kuru incidence from area to area. 


FN, Fore North. The figures following the bold face 


Mortality figures are only slightly lower than 
the prevalence or morbidity figures, because of 
the high fatality rate and the fact that the usual 
duration of the disease is somewhat less than 1 
year. Most victims die within 6 to 9 months of 
onset, a few sooner, while a somewhat larger 
portion survive for over 1 year, and a rare case 
may drag on for 2 years or more. A few cases 
run a remitting and exacerbating course, event- 
ually terminating fatally, and some 64 (6.5%) of 
the 961 studied cases—including, of course, 
some who will later relapse and die of kuru—are 
now “recovered.” Prevalence and mortality data 
are tabulated in Table 9. 

Prevalence figures, based upon the incidence 
and population data in Table 8, are presented in 
Figure 8. The kuru incidence figures for the North 
and South Fore and for the Gimi, Keiagana, 
Yate and Kanite are presented by their native 
area, while data for Yagaria (Lufa), Kamano, 
Usurufa and Auyana kuru-affected villages are 
summarized for the entire kuru-affected portion 
of these linguistic groups. In these areas of low 
prevalence any further geographic breakdown 
would not be justified. Prevalence figures repre- 
sent the number of cases present per 1,000 popu- 
lation per year in the period 1957 through 1960. 

Prevalence is maximum in the South Fore 
with 20.1 cases present per annum per 1,000 
population, whereas the prevalence in the North 
Fore is almost exactly one-half that in the South 
Fore, namely 10.1. Similarly, the mortality in 
the South Fore is just twice that in the North 
Fore: 16 and 8 per annum per 1,000 population, 
respectively. Purosa is the native area of maxi- 
mum prevalence and mortality, but the individual 
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census unit of Kamira, immediately adjacent to 
the Purosa region but in the Atigina native area, 
displays both the highest prevalence and mor- 
tality of any community in the kuru region— 
36.46 and 26.04, respectively. Thus, the central 
nucleus of high kuru incidence is evident from 
inspection of Table 9 and Figure 8. It encompasses 
the entire South Fore region, the adjacent native 
areas of Aga (Yagaria), Awande and Okasa in 
the North Fore, and the community of Emo 
in the Gimi. The Emo hamlets of the Gimi 
people in the Hepavina native area are, in 
reality, a bilingual Gimi-Fore community, 
directly adjacent to the South Fore region of 
high kuru incidence and with extensive inter- 
marriage with the nearby Fore communities. It 
is this census unit of Emo which brings the 
prevalence figures for the Hepavina native area 
to its high value of 13.3. The centers of highest 
incidence of kuru are Purosa and Atigina, and 
the Kamira hamlet in the Atigina native area is 
the most intensely affected focus of the region. 
Hypothetically, the people of Kamira have had 
the longest experience with kuru, and from the 
ancestors of this group the kuru gene has spread. 
The Ilesa native area of the South Fore is some- 
what like the Hepavina native area of the Gimi, 
for its high incidence of kuru reflects the over- 
burdening contribution of only one of its three 
census units. Thus, Awarosa hamlets of the Ilesa 
area belong to the central nucleus of high kuru 
incidence, whereas Ilesa and Abomatasa hamlets 
do not. 

In attempting to explain the variations in 
kuru incidence throughout the Fore area and, in 
particular, those small Fore groups with rather 
low kuru incidence, such as the peripheral com- 
munities of Abomatasa, Ilesa, Kalu, Tiarana, 
Emesa and Kasarai, and the more central groups, 
such as Aga, Opaiyanti, Kasogu, Kaga and 
Takari, it is necessary to look at the history of 
kuru before 1957 in these communities, since the 
period of investigation has covered only about 4 
years. When this is done, many of these villages, 
such as Aga, Emesa, Kasogu, are found to have 
a considerable past history of kuru, whereas 
Tlesa, Abomatasa and Kasarai do not. However, 
marked genetic diversity is to be expected in 
small groups which may have broken off from 
the original population and have migrated to 
situations of new and increased isolation.® The 
situation is further complicated by the lack of 
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homogeneity of the Fore population itself. The 
pattern of kuru incidence is certainly influenced 
by foreign groups who have immigrated into the 
kuru region and adopted the Fore language and 
culture. That such a process can occur and has 
occurred in the past is evident from a number of 
instances which we have recorded. Thus, there is 
an island of Yagaria population, now situated 
between the Keiagana and Fore groups, from 
which many members had fled into the Fore 
region some 20 years ago, during the time of 
fighting. These refugees are now to be found as 
fully acculturated Fore at Aga-Yagusa, in the 
very center of the North Fore region. The large 
Yagaria island of some 700 people, between the 
Fore and Keiagana, from whom these migrants 
separated, had preserved the Yagaria language 
and culture over several generations, although 
marriages between these people and members of 
adjacent Fore and Keiagana villages were fre- 
quent and adults were generally trilingual. In 
spite of the Yagaria’s tenacious adherence to 
their original cultural pattern over several genera- 
tions, the Keiagana language and culture have 
rapidly replaced the ancestral Yagaria in the 
last few years. This is the result of the people’s 
fear that the Australian administration might 
require their return to the Yagaria homeland 
with relinquishment of their now established 
enclave in the Keiagana region. In contrast, the 
small offshoot of some 100 individuals of this 
group, which fled into the Puburatma River 
valley of the Fore region, completely accepted the 
Fore culture and language in the period of only 
a half generation. A second such example is that 
of the Hogeteru Keiagana who have settled in 
the Kamano region at Yababi, adopting Kamano 
language and culture. There, they are now one 
of the few Kamano communities in which kuru 
occurs. A third case is that of the adjacent 
Onamuga group of Kamano into which a large 
number of Fore natives have married and mi- 
grated, to assume, in so doing, Kamano language 
and culture, but at the cost of extending the 
geographical limits of kuru occurrence. A further 
example is that of the A’erai clan of Tunuku 
Fore who, in the time of inter-village warfare, 
took refuge among the Hepavina Gimi and while 
there assumed much of the Gimi culture. Sim- 
ilarly, a group of Haga Keiagana took refuge in 
the period of fighting, south on the Yani River 
shores with the A’ibu Gimi, and there became 
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Fic. 7. Map of kuru region showing all census units. The cultural and linguistic group of each census 
unit is indicated in parenthesis: FN, Fore North; FS, Fore South; KE, Keiagana; KN, Kanite; KM, 
Kamano; A, Auyana; U, Usurufa; Y, Yate; YA, Yagaria. Italicized print indicates the native areas or 
major subdivisions of each linguistic group. Before civilized contact these were areas of transient politi- 
cal alliance, although warfare between member units was common. For the double census units of Erhi- 
Kaiheto and Kedegera-Zakagi each component village is indicated on the map. In the cases of Kauna 
in the Yate and Tatura-Henegaru in the Keiagana three population centers are indicated for each. 
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Fig. 8. Map showing regional prevalence of kuru. Kuru-affected census units are indicated by black 
dots as they are in Figure 7, but they are not labeled. The prevalence of kuru is listed under the native 
area designation in the Fore, Gimi, Keiagana, Kanite and Yate groups. In the more peripheral Auyana, 
Kamano, Usurufa, and Yagaria linguistic groups, prevalence has been calculated for all communities 
which are kuru-affected and is listed under the group name. Prevalence is recorded as the number of 
cases per annum per 1,000 population. 
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TABLE 9 


Linguistic group and native areas Prevalence 


Fore South 20.14 16. 


Atigina 23 .63 19.9% 


Kamikina 16.23 11. 


Ifufurapa 17.94 14.3: 


lesa 14.27 12 
Purosa 30.83 24. 


Fore North 09 
Aga (Yagaria) 
Awande 
Okasa 
Ofafina 
Ibusa 
Wantokabarasa 8.71 


Gimi (Kimi 4.41 
Negibi 1.17 
Mani 0.00 
A’ibu 3.39 

13.32 


Hepavina 


Gimi-acculturated. 
With the cessation of inter-village warfare, under 


bilingual and moderately 
the influence of the government, these latter two 
groups have returned to their original grounds— 
a pattern of return less likely to occur in the 
primitive situation than under the coercively 
maintained peace of the Australian administra- 
tion. 

Thus, we have obtained historical accounts, 
verified by cross-checking with independent 
informants, which testify to the immigration and 
adoption of a new culture and language in the 
recent “‘prehistoric past’’ (7.e., before civilized 
contact). These facts emphasize the 
necessity of exercising extreme caution in accept- 


should 
ing any “representative” community, even in 
the geographic center of a uniform cultural and 
linguistic area, as genetically representative of 
the whole. Moreover, small linguistically and 
culturally intact and distinct isolates may be 
in fact, extensive genetic mixtures with their 
neighboring groups of different language and 
culture, as was the case with the Yagaria island 
in the Keiagana just prior to their recent switch 
to the Keiagana language and culture. This 
situation, however, does not alter the pattern of 


Mortality 


Kuru prevalence and mortality data, 1957-1960* 


Linguistic eeep and Prevalence Mortality 

native areas 

Keiagana 2.64 2.11 
Kigupa 12 ).84 
Taramo 84 .59 
Hogateru 3.75 3.27 
Yagaria 8.06 


Yate 64 
Iatebi 2. 68 
Kauna } 34 
Numugar 44 


Kanite 
Kio 


Kemiu 4.1% 3.15 
Amufi .00 


Kamano 40 26 
Usurufa AT 0.88 
Auyana 36 0.00 
Yagaria 49 0.49 


* Prevalence and mortality figures are calculated as cases per 1,000 population per annum. 


intensive inbreeding encountered in individual 
communities of a linguistic area. 


Demographic Distortions Caused by Kuru 


Male to female ratios in the regions most 
severely affected by kuru are markedly distorted 
with a great excess of adult males. The great 
excess of kuru deaths in females over those in 
males has presumably been responsible for the 
differences between these sex ratios in groups 
severely affected by kuru and in surrounding 
kuru-free groups.! From the extent of the eleva- 
tions of the male to female ratios one could 
predict the regions of highest kuru incidence and, 
perhaps, longest history of kuru. The predictions 
relative to kuru incidence, based on the sex ratios 
in the population, can be compared with calcula- 
tions of incidence based on the cases of kuru 
studied since January 1, 1957, and on our docu- 
mentation of kuru cases which occurred prior to 
1957. Such a comparison reveals very good agree- 
ment. 

The contrast between the North Fore, with an 
average kuru death rate of 8.0 per 1,000 per 
annum, and the South Fore, with an average 
kuru death rate of 16.1 per 1,000 per annum, is 
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TABLE 10 





Prevalence | Mortality 





Linguistic group and ‘ 
native areas | 16-45 





Prev. 





Fore South 
Atigina 
Kamikina 
Ifufurapa 
Tlesa..... 





Purosa 
Total 
Fore North 
Aga (Yagaria) 
Awande 
Okasa. 
Ofafina. . 
Ibusa 
Wantokabarasa 
Total 
Gimi 
Hepavina 
Negibi 
Mani.. 
A’ibu 
Total 
Keiagana 
Kigupa 
Taramo.. 
Hogateru 
Yagaria 
Total 
Yate 
Iatebi 
Kauna 
Numugar 
Total 
Kanite 
Kio 
Kemiu 
Amufi 
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Kamano 
Usurufa ; 
Auyana 0 
Yagaria y ‘ | 0 
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revalence and mortality figures are calculated as cases per 1,000 population per annum. 





*p 


particularly significant. In the South Fore the occur, it is 0.99 and 0.95, respectively. In distant 
over-all male to female ratio is 1.63; in the North Melanesian populations, such as the three inland 
Fore it is 1.26. In the neighboring Gadsup and populations of New Britain presented in Table 7, 
Tairora linguistic groups where kuru does not the male to female ratio is close to 1: Inland 
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Melkoi Mamusi #1 0.97, Mamusi #2 
0.99. 

The data in Table 7 demonstrate that there is 
an excess of males also in the Kanite, Yate, 
Usurufa, Keiagana and Gimi kuru-affected 
groups. However, in these groups the excess is not 
marked and is of little significance. In these 
populaces the incidence of kuru is so low that 
significant distortion of the sex ratio in the popula- 
tion is not to be expected. Age and sex distribu- 
tion data for four Fore villages are likewise pre- 
sented to illustrate the extent to which the 
distribution has been altered in the most heavily 
affected communities (Agakamatasa, Mugai- 
amuti and Kamira) in the South Fore, and in an 
intensively studied, representative North Fore 
village, namely, Moke. 


1.02, 


Age Specific Prevalence and Mortality 


The kuru cases can be sorted by age into any 
desired age groups, since we have records of all 
age estimates on individual patients. However, 
the population data from census records permit 
only the age divisions discussed above and tabu- 
lated in Table 7. From such data age specific 
kuru prevalence and mortality have been calcu- 
lated for the kuru-affected cultural and linguistic 
groups and are tabulated in Table 10. Only 0-15 
years, 16-45 years and over 45 years age group- 
ings have been used. In the childhood group, 
0-15 years, the results may be misleading, for the 
youngest kuru patients seen have been 4 years of 
age. Kuru does not occur in the first year of life. 
Infants born to mothers with advanced kuru 
appear to be normal, and if properly fed, develop 
normally. It can be seen that Purosa and Atigina 
in the South Fore, and Okasa and Awande in the 
North Fore have had the highest prevalence and 
mortality in all age groups but the aged. 


DISCUSSION 


As D. R. Swindler'® has pointed out, the 
specifically, the Highland 
peoples of New Guinea, are best considered a 
single geographic breeding unit whose distant 
polygenetic origins cannot be ascertained at this 
late date. The Highland population has split 
into many small semi-isolated communities 
whose isolation has been maintained by both the 
physical environment and the social orders which 
have evolved. In such small communities there 
would be maximum opportunity for the operation 


Melanesians, and, 
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of random genetic drift. When a new closed popu- 
lation is formed, it develops a unique integrated 
genetic system of its own, which, when once 
established, tends to persist.? Thus, marked 
diversity of the small groups might be expected, 
even if originally they did not differ markedly 
from the large population from which they had 
become detached. 

Linguistic comparisons made by S. A. Wurm 
have been used cautiously to relate the kuru 
population to other Highland populations. 
Lexico-statistic dating provides the only distant 
time scale yet available for the past history of 
the Highland peoples, and thus, in spite of its 
shortcomings and dangers, it has been applied 
to the kuru-affected linguistic groups. Wurm’s 
glottochronological analysis indicates that the 
Fore language is far removed in time from all 
surrounding languages—for a roughly estimated 
period of about 1,800 years from even the nearest 
linguistic relative. This would suggest a very 
long period of isolation of the basic Fore-speaking 
stock from other Highland populations. Surround- 
ing linguistic groups in which kuru also occurs 
are not related more closely to the Fore than are 
more distant kuru-free populations. This would 
suggest that any common genetic origin of 
different kuru-affected linguistic groups is far 
removed in time, and that the appearance of 
kuru, probably by way of recent marriage inter- 
change and small migrations, has been a more 
recent event in groups surrounding the Fore 
than has been their linguistic isolation. Thus, 
recent genetic mixing at the current periphery is 
evoked to account for kuru in surrounding groups, 
whereas the high diffusion of kuru throughout 
most of the South Fore population, particularly 
in the Atigina and Purosa native areas, may re- 
flect a common Urstamm in which the mutation 
first occurred. 

Throughout this presentation we have pro- 
ceeded on the assumption that kuru is presum- 
ably the result of a single mutation at one gene 
locus. This is by no means firmly established, 
although it is certainly the most reasonable 
conclusion that we can reach from the data we 
have thus far obtained. The epidemiological 
pattern of kuru occurrence, as set forth in this 
report, must be accounted for by whatever 
etiological hypothesis we adopt, and to date only 
the genetic hypotheses seem reasonable. If 
future investigations reveal important environ- 
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mental determinants in kuru, or an infectious 
etiology totally unsuspected at present, the re- 
markable peculiarities of the pattern of kuru 
incidence should serve to reveal much about the 
distribution of any toxin, or the ecology of any 
microorganisms concerned. 


SUMMARY 

Melanesians of the Highlands of New Guinea 
are best considered a single geographic breeding 
unit whose distant origins can no longer be traced. 
Cultural and environmental factors have con- 
tributed to situations of extreme isolation of 
cleavage communities which has resulted in a 
condition ideal for the operation of random 
genetic drift and consequent development of 
markedly diverse small groups, each with its 
own genetic constitution. 

Wurm’s classification of Highland languages 
into the East New Guinea Highland Stock and 
Phylum and his glottochronological calculations 
with respect to the languages in this Stock are 
used cautiously as one means of demonstrating 
probable long isolation and independent evolution 
of the Fore people. 

Intermarriage across language borders and 
migrations of smaller and larger groups across 
such boundaries have probably played a major 
role in determining the current pattern of kuru 
incidence and distribution. However, the central 
nucleus of kuru, with the current highest preva- 
lence and mortality, is found in the Purosa and 
Atigina native areas of the South Fore, and the 
kuru mutation most probably first arose in a 
direct ancestor of these peoples. 

Detailed analysis of the pattern of kuru inci- 
dence of 961 kuru cases studied since the begin- 
ning of 1957 is presented with prevalence and 
mortality figures for the entire kuru region. This 
is believed to represent an essentially complete 
coverage of all kuru cases that have occurred in 
the 4 years 1957 through 1960. 

Distortions in the male to female sex ratio in 
the kuru region are marked, with a preponderance 
of males, particularly in those regions of highest 
kuru prevalence and mortality. Presumably, 
the disproportionately high toll of females 
among kuru victims has contributed to this 
pattern. Thus, the extent of departure from 
normal Highland sex ratios in populations in the 
kuru region may reflect the extent and the dura- 
tion of kuru involvement in the various com- 
munities. 


APPENDIX 


The races* of the Pacific region, whose distribu- 
tions are shown on the map in Figure 1, have 
been the subject of considerable anthropological 
speculation and theorization. There is as yet no 
reason to believe that man is not ancient in the 
Indonesia-Australasian region. Some of the 
earliest specimens of non-sapiens fossil man have 
been found in this area, and some of the existing 
peoples of the region have long been considered 
living representatives of archaic races. The 
Melanesian-Negrito type populations are prob- 
ably among the earliest occupants of Australasia 
whose racially identifiable descendants are alive 
today. The following remarks on the Pacific 
races are abstracted from numerous presenta- 
tions of the classical anthropological classifica- 
tions. They may, however, serve to clarify the 
problem repeatedly broached by the medical 
observers who inquire as to the “origin” of the 
kuru-affected population. It is now too late a 
period in history to identify the diverse ancient 
peoples who may have contributed to the 
Melanesian genetic constitution and it is more 
profitable to view Melanesians as a single geo- 
graphical breeding unit.'° Furthermore, it is not 
possible to claim authoritatively from existing 
knowledge that any other race of people in the 
world has occupied its current habitat for a 
longer period of time than have the New Guinea 
Highlanders. Among them, as among coastal 
peoples, environment and social isolation have 
provided opportune ground for random genetic 
drift and the establishment of genetically diverse 
sub-units. 

Melanesians. The Oceanic Negroids are the 
largest group of Negroid peoples without a 
demonstrable African origin. Most of those in this 
category are Melanesians (Greek “black island- 
ers’’) who inhabit the islands of the South Pacific 
eastward from New Guinea to Fiji (including 
also D’Entrecasteaux Isles, Louisade Archipelago, 
Bismarck Archipelago, New Hebrides, New 
Caledonia, Loyalty Islands, Santa Cruz Islands 
and the Solomon Islands). The people of New 
Guinea are often classed with the Melanesians, 
as they are in the current report. The Melanesians 
have tightly curled hair and they are a dark- 


*In the first paper of this series' the term 
‘race’? has been used misleadingly, from the an- 
thropological point of view, for cultural and lin- 
guistic groups and for genetically isolated breed- 
ing groups or ‘‘clonal populations.”’ 
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skinned people. Casual observation might mistake 
a Melanesian for an African Negro; the two groups 
are, in fact, physically similar. Yet, there are 
differences which, together with the wide geo- 
graphical precludes the Oceanic 
Negroid from being considered a recent African 
offshoot or a simple blend of African Negro with 
some other strain. Furthermore, as is shown in 
the fifth paper of this series,* blood group genetic 
data fail to reveal typical African Negro traits or 
patterns in Melanesian natives. 


separation, 


Some authorities distinguish sharply between 
Papuan and Melanesian races, separating the 
New Guinea natives on the basis of both morpho- 
logical and linguistic dichotomy. There is con- 
siderable controversy in this matter and the term, 
Melanesian, in this paper is used to encompass all 
native inhabitants of the geographic region we 
call The term, synonymous with 
Papuo-Melanesian, thus includes both the Papuan 
and Melanesian subgroups. 


Melanesia. 


Micronesians. The Micronesians, or inhabitants 
of the “small Marshall, 
Gilbert and considerable 
intermixture of Malaysian (Indonesian), Mela- 
nesian and Polynesian strains. 


islands” (Caroline, 


Marianas), show 


Polynesians. Polynesians occupy the innumer- 
able islands in a triangle formed by Hawaii, 
New Zealand and Easter Island. They include 
Hawaii, Tonga, Tokelau, 
Tabuai, Tuamotu, Society, Marquesas, Cook and 
Ellice Islands, and New Zealand Maoris. They 
are a tall people with straight or wavy hair, and 
light brown skin. Their lips are fairly full and 
their noses moderately thick, but not flat. 

Negritos. The or pygmy Negroid 
peoples have dark brown skin and tightly curled 
hair. They include the pygmies of Central 
Africa (Ituri Forest of the Congo) and of Western 
Africa (Cameroons) and Negrito populations of 
the Malay Peninsula, the Andaman Islands and 
the Philippines, and some pygmy populations of 
the New Highlands have been called 
Negritos. The extinct Tasmanians were probably 
a race of Melanesian Negritos intermarried with 
Australian aboriginal stock. There is considerable 


natives of Samoa, 


Negritos 


Guinea 


evidence that such Negrito people populated 


much of Australia, before they were replaced on 
the continent by the Australian aborigine of 
more recent centuries 

The spotty distribution of the Negritos suggests 


that they may be the modern remnants of a 
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once widely distributed race, now crowded into 
isolation in tropical forest regions. The alterna- 
tive theory is that, in more than one region, full- 
sized Negroid peoples, with frizzly hair and dark 
skin, independently produced a small version of 
themselves, through mutation and through long- 
term natural selection. The Negritos are all 
semi-nomadic forest dwelling hunters and food 
gatherers, and one may speculate whether such 
an environment and mode of life may not have 
repeatedly produced selection toward shortness. 
Pygmies of Africa have little in common with 
Oceanic Negritos and are often not grouped with 
them at all. Graydon et al.2 have demonstrated 
that the blood groups of Negrito pygmies of 
Wissel Lakes in Netherlands New Guinea little 
resemble those of African or Asian pygmies. In 
fact, the weight of blood grouping evidence makes 
it unlikely that the African and Asian pygmy 
Negritos are related, or that any African race is 
related to any dark-skinned people of Oceania. 
With few exceptions, the blood group gene 
frequencies in each of the pygmy groups fit very 
nicely into the patterns of frequencies of non- 
pygmy neighboring groups.* 

Bushmen-Hottentots. The Bushmen and Hot- 
tentots of South Africa are somewhat larger than 
the so-called pygmy Negritos. They are hollow- 
backed, with steatopygous deposits, wrinkled, of 
yellowish-brown complexion, long headed, short 
and flat eared, with very broad and flat noses, 
and short arms and legs. They also have tightly 
curled hair with “peppercorn tufts.” Thus, they 
form a distinct group, probably not related to the 
Negritos and with doubtful relationship to other 
Negroids. 

Indonesians. Indonesians are a varied brown- 
skinned people, smaller than the Polynesians and 
darker than Asiatic Mongoloids to whom they 
show some relationship. The native population of 
the Philippines is apparently of generally similar 
ethnic stock. As a national group, the Indonesians 
are identified with Java, Sumatra, Celebes, 
Borneo and a number of smaller islands, but 
racially they resemble some other groups scattered 
elsewhere in Southeast Asia. This region is, 
undoubtedly, a home of early man and an ancient 
ethnic crossroads. 

Australian aborigines. Australian aborigines 
belong in a separate group, definitely further 
removed from the African Negro than are the 
Melanesians. They have abundant straight or 
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wavy hair, dark brown eyes which are deepset 
beneath heavy, jutting brows, and a sloping 
forehead. The Australian is generally regarded 
as an ancient type, preserved against intermix- 
ture by geographic isolation. He also shows 
evidence of relationship to old white stock, at 
least in some of his features. The aborigines of 
Cape York Peninsula of Australia have genetic 
affinity with Papuans of the south coast of 
Australian New Guinea in both physical appear 
ance and blood group patterns," although the 
patterns for other Australian aborigines are quite 
distinct from those of Melanesians. 

Another distinctive dark people inhabited the 
island of Tasmania when it was discovered in 1642, 
but they became extinct in 1876. This race differed 
from the Australian aborigines in having wooly 
instead of wavy—hair. Some anthropologists 
have classed them as Negritos, with an admixture 
of a nearly extinct aboriginal people of south- 
western Australia, known as the Murrayians. 
The latter were stocky in build, had brown skin, 
abundant wavy hair and features similar to those 
of Europeans. The early ancestors of the Tas- 


manians may have migrated from southern Mel- 
anesia and acquired some of the Murrayian 
traits on the way. 
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The current study is an_ epidemiological 
analysis of the pattern of occurrence of kuru in 
the Moke community of Fore natives. During 1957 
and 1958 the Kuru Research Center was situated 
at the Okapa Patrol Post on land bought by the 
from the of Moke 


village, whose major hamlet, Wasanamunti, is 


government Fore natives 
located on another hilltop only a few hundred 
yards from the patrol post and kuru hospital 
(Figure 1). There were several reasons for selecting 
the Moke hamlets 


epidemiological investigation on kuru in a rep- 


as the site for an intensive 


resentative Fore community: they are centrally 
situated in the kuru region; several cases of kuru 
had developed in Moke during the course of kuru 
studies in 1957; and numerous recent deaths from 
kuru had occurred there. Furthermore, in Moke 
continuous surveillance of the kuru situation was 
particularly intensive by virtue of its proximity 
to the research center. Also, the past history of 
kuru could be traced there with unusual accuracy, 
since census and other administrative records 
for the past decade were available. In this com- 
munity, therefore, a particularly vigorous 
attempt was made to determine whether such 
as the location of dwellings (including 
such aspects as elevation and proximity to forest 


factors 


or kunai-covered slopes), sleeping and eating 
arrangements, location of food 
gardens and other environmental variables might 


water sources, 


not have significant relation to the occurrence of 
kuru. Although we are thus far unable to associate 


a higher incidence of kuru in one community 


over that in another with any ethnoenvironmental 
factor, the failures of such correlations are sig- 
nificant and must influence our thoughts on the 
etiology and pathogenesis of kuru. 

From many of the older men and women of 
the village, it was possible to collect the names of 
51 individuals who had died of kuru before 1957 
and who were remembered by the Moke inhabi- 
tants as classical cases of kuru. Since the begin- 
ning of 1957 another 12 patients who died of 
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kuru at Moke have been studied. The 63 cases 
are tabulated in the order of the date of death in 
Table 1. For patients dying before 1957 we can 
establish only the sequence of death as reported 
by our informants and verified by cross-checking; 
inevitably, there are a few cases in doubtful 
order in the tabulation. 

We have already noted in our clinical discus- 
sions that the clinical picture of kuru is so dra- 
and consistent from case to case that 
there is little possibility for the natives to mis- 
diagnose the They themselves, 
critical diagnosticians and differentiate clearly 
between congenital tremors, paralyses and even 
acquired ataxias which are not kuru, as the disease 
has become identified in the magic lore of the 
Fore people. Of the 63 kuru deaths, some 35 
could be traced to death records in the Moke 
census books. A few had even been noted as 
active kuru cases during earlier census patrols. 

The first Moke census was conducted by a 
government patrol in 1950, but not until January 
1955 was an accurate and complete census of the 
Moke hamlets taken. Prior to 1955, Kasogu and 
Moke hamlets were combined into one census and 
no accurate vital statistics can be computed from 


matic 


illness.! are, 


the incomplete figures of the combined groups. 
However, the census data from 1956 to date are 
apparently accurate, and since then there has 
been no indication that the Moke people have 
any longer been hiding aged members and young 
females of their community from census. The 
method of census enumeration of the population 
carried out by government administrative officers 
is discussed in a previous paper of this series.? 
Although the total figures for the combined Moke 
and Kasogu hamlets for the period between 
1950 and 1955 will be used to some extent, the 
census figures since 1956 for both groups of ham- 
lets are probably more representative of the 
populations between 1950 and 1955 than are the 
actual, but incomplete, census figures for those 
years. 
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The Moke Hamlets 


Moke is the Fore village in closest proximity 
to the administrative seat at the Okapa Patrol 
Post (located on the Moke ground of Pintogori), 
and because of this fact it has had the most 
extensive civilized contact of any of the Fore 
villages. Since early 1957 it has been in the process 
of extreme social change, and in the past 4 years 
the whole pattern of Fore life in this village has 
been undergoing accelerated change as the result 
of the cultural contact between the villagers and 
administrative and medical personnel at Okapa. 


Fic. 1. Houses of Moke village (elevation 6,500 Many of their youths have left the kuru region 


feet) are in the bamboo thicket on the ridge behind for work elsewhere in the Highlands—even going 


the Kuru Research Center to the coast—and many young boys have at- 


TABLE 1 


K i i deaths in Voke village in chronological sequence 


Name Sex Ag Date of death No Name . ge Date of death 


Nanane F 14 1927 3 Kilokilo 
Noraso P 14 1941 : Nantare 
Kubere 16 1941 3 Waiariso 
Kegeso Ad* 1941 36 Epo 

Abe Ad 1941 37 Mataie 
Ube 1941 3 Agenopa 
Si’ie 1942 Kauwi 
Aiva 1942 Kontabari 
Turri . 1942 Abarita 
Yarota . 1942 : loro 
Eneme ' 1943 ‘ Num 
Wa-ina 2 1943 Naga 
Kalonto . 1944 ‘ Ayao 
Tabasi \ 7 1944 Sosoba 


1952 
1952 
1952 
1953 
1953 
1953 
1953 
1953 
1953 
1953 
1954 
1955 
1955 
1955 
1955 
1956 
1956 
1956 
1956 
1957 
1957 
1957 
1957 
1958 
1958 
1958 
1958 
1959 
1959 
1959 
1960 


yaya emaete 
gS ~=S 7&5 


Ataro ‘ 1944 Gusanwani 
Koiampa 1945 Umburere 
Tapme j 1945 Morai 
Torso 1946 Konabaiya 
Esesa 1947 ‘ Oro 
Ameina . 1947 5t Kokori 
Akeku . 1948 5e Abaku 
Aburo f 1949 Yaboiotu 
lanti 3 1949 5 Yara 
Pieba 1950 Sama 

Aki 1950 : Aiyogu 
Auro 1950 5s Ugina 
Kainto F 1950 Yagase 
Aruwani 1951 Kabiba 
Kegusa 1951 Agariso 
Pagiwani 2! 1952 iy Naremu 
Namabiso ‘ 1952 Taiseo 


Agumpa 1952 


* Ad = adult. 
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house, braiding of bark strips into their long hair, 
thorough smearing of their hair and bodies with 
and the fastening of a new bark strip 


grease, 


pig 


very brief modern 


sporran on the older boys, a 
these 


companies the nose piercing of those 


ceremony—omitting traditions—now ac 
youngsters 
who still have their nasal septums pierced. Long, 
the 


older boys and youths are seen no longer. Bodies, 


braided, grease-smeared hair and faces of 


formerly further rubbed with pig grease, are now 
washed with soap and water 

The 
The traditional Fore dwelling is now rarely used, 
knives, steel 
bamboo knives, 


material culture has likewise changed. 


and European axes and shovels 


replace the stone axes and dig 


ging sticks. Dietary changes have resulted from 


the introduction into their gardens of many new 
Irom 


non-indigenous vegetables and fruits, and 


the introduction of the chicken, duck and goat 


into their animal husbandry, which previously 


restricted to asional 
Further 
changes in their food habits are derived from the 
to their diet of 
other food 


was the pig and an oe 


captured ane caged wild cassowary 


addition tinned meat and fish, 


rice and items purchased in trade 


stores and from the use of newly acquired Euro 
pean cooking utensils 
With far-reaching 


work and diet, but 


not 
pat 


changes in mobility, 


only ilso the marriage 


tern has changed Under pressure trom the local 


missions there are now fewer child marriages of 
the 


} to 


girls and somewhat less polvgamy Figures 
Villagers have begun to purchase 
ifield 


population, 


W1Ves 


from further and further Thus, we have 
1957 data 


housing, 


found oun on marriage 


patterns, gardening, 
diet to be 


living 
status 


patterns, 
very 
them 


and nutritional and 


valuable, and we shall augment or revis 
in the light of our subsequi nt 4 vears of investiga 
when the later observations are espe 


tion only 


clally pertinent 


i pide miologr al Observations 


Table 1 lists in chronological sequence all the 
kuru deaths in Moke which have been studied 
1957, as all those occurring 
ible to elicit from 
residents. The vear of 
the 


ol such 


since January as well 
( irlie - which we have been 
the Moke 
estimated, 
The 


markedly 


memories of 


has been as discussed 


paper of this series accuracy 


first 


with remoteness 


cdlec reases 


he 


estimates 


in time recall of only one case of kuru prior 
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The initiate is rubbed with pig grease from head to foot 


IN MOKE 


The new bark and hair braids 


ire greased particularly heavily and later maintained that way for several years. (b) The masi’s nudity 


is covered with a new kai and wati 


pig trom the ceremonial initiation feast 


Fic. 4. Marriage ceremony in 1957 of an early 
idolescent Moke girl New 


sporrans are fastened about the girl Ss Waist, pro 


about 12 vears ot age 


viding her with the dress of the newly married 


bride Her head Is covered with the omentum of a 


pig that was slaughtered for the marriage feast 


to the 1940’s correlates well with what we would 
anticipate from informants of 30 to 40 
age, whose memories for such data would rarely 


extend to a period before their late adolescence.? 


vears of 


mabi dress) made from strips of pounded bark. (¢) The newly adorned 
mabis are ready to leave seclusion to receive weapons 


bows and arrows) of adult men and gifts of cooked 


Informants over 40 years of age are rare in Moke 


and those few suffer considerably from senility. 


From these older informants we have been able 
to elicit and cross-check the name and genealogy 
of only one kuru victim dying before 1940, and 
this patient apparently died over 30 years ago. 
Thus, the past, more remote than two decades, 
cannot be reconstructed here or elsewhere in the 
kuru record of 63 
cases of kuru, we have unverified or conflicting 


region. In addition to our 
reports of another dozen past kuru deaths. These 


uncertain have been omitted this 


cases from 
report. 

In Table 2 the chronological distribution of 
the 63 kuru deaths in 5-year intervals is shown 
with the census-recorded vital statistics of Moke 
and the computed mortality (Figure 7). The data, 
since 1955, may be considered accurate; the only 
deaths which may have escaped recording would 
From 1950 to 1955, 
data for the Moke 


and Kasogu hamlets had to be used, the census 


be a few neonatal deaths. 


however, when combined 


was less complete and many individuals were 


not listed. We estimate, however, that at least 
three-fourths of the population, deaths, 


births were recorded during this period. 


and 
The 
inclusion of many people now in the Kasogu 
census, and the incompleteness of the listing, 
make any use of the 1950 to 1954 data for critical 


comparisons impossible, but as a rough approxi- 
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they 


figures and information on age distribution of 


mation provide some probably minimal 
the deaths and on sex distribution of births and 
deaths. The major change in the over-all pattern 
of mortality from 1955 to 1959 has been a re 
the deaths 


unusual sex 


duction in 
kuru. The 


this period is presumably 


causes other than 
the births in 
fortuitous. It is of 
interest that prior to 1955 the number of births 
balanced the deaths, 
little medical assistance had yet been brought to 
the With the non-kuru 
deaths, particularly of infants and children, the 


Irom 


ratio of 


very nearly although very 


region cdlecrease in 


population has been slowly increasing, in spite of 
the kuru 
though civilized contact has been rapidly in 


extensive inroads of However, even 
creasing, there have been about the same numbet 
of kuru the second half of the 
the first half when 
first being established 
arrival of the White 
Whether the 
the 1940's 


is significant or not cannot be determined owing 


victims during 


current decade as during 


administrative control was 
Prior to the 
likewise 


reported 


in the region 
Man, kuru 


lower number of 


was present 


eases in 


to the lack of population estimates before 1950 
and the impossibility of assessing the degree of 
the How 


past been 


completeness ol anamnestic record 
the kuru has 


responsible for over half of all deaths in the Mok« 


ever, during decade 


hamlets, and this situation may well have pre 


\ge 
and sex distribution of the Moke population has 


vailed during the previous decade as well 


TABLE 2 


i deaths and thei 


Deaths 


1925-29 
1930-34 
1935-39 
1940-44 
1945-49 
1950-547 IS 2] 


1955-59 Li) 21) 1 


* Number of deat 

t Population estimate of 235 
decade. Births 
they vecurate as issed in the text 


ire aise 


taken from the 1956 census 


ind deaths for the interval may be 


elation to « ecorded vital statistic 


8s in Voke 


Mortality* 


hs per 1,000 population per annum 


is used for this period as for the previous 


considered rough estimates, whereas for 1955-59 
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Sama 


A kuru patient 


with her husband 


Fig. 7 a 


PATTERN 


stage II of kuru, no 


IN MOKE 


56 in Table 1), in her sweet potato garden 


b) Sama supports herself on a digging stick as she works. Only several months later, 


when she could no longer walk about at all without the help of others, did she cease her garden work. 


TABLE 3 


{ge and sex distribution to female 


sé 


Year of « 


50 


0.22 87 


0.74 


* Separate censuses were made early and late in 1957 


counts for some of the decrease 


been calculated, as described in a previous paper 


of this series,‘ for each census record of the past 
5 years and is tabulated in Table 3 along with 
male to female sex ratios for each age group. The 
small figures in some groups are responsible for 
Mortality from all 


causes and from kuru, calculated as number of 


wide fluctuations in the ratios 


deaths per 1,000 population per annum, using a 
population figure of 240 for the 1955 to 1959 
period, and 235 for earlier years, is also presented 
in Table 2 

In Table 4 the number of recorded kuru cases 
that Moke are tabulated ac- 


have occurred in 


I 


ratios of the Moke population fy ensus data 


on 


16-45 yr Potal 
124 

111 
) 


235 = 


}) 
103 12 
a9 129 
37 109 
i) 238 


69 
$2 


130 
109 


239 


59 
42 
101 1 


131 
110 
2.50 6.00 241 l 


10) 19 


teestimation of age in older age group ac 


cording to the place of the patient’s residence at 
the time of onset and the place of his death. 
Places are listed by the ground names of lands 
owned by Moke people, and the number of 
houses on the sites inhabited in 1957 is shown. 
Since housing lasts but a few years and because 
exhaustion of the soil in the prevailing slash and 
burn pattern of agriculture requires shifting of 
garden sites every 6 to 7 years, sites of habitation 
are moved about the Moke lands accordingly. It 
may be noted that Aibiyeganti had 9 houses in 
1957, had 46. 
Wasanamunti had grown larger only during the 


while Wasanamunti However, 
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TABLE 4 


t and of death of kuru cases 7 is Voke lands 1 


distribution of dwell 


Inhabited in 1957 


16 Mamasati 

Ss Obintanti 

; Wairebugori 
] W isanamuntl 
| Yabisinonti 


Uninhabited in 1957 


Mararipoanti 
Mobotaianti 
Muili 


Obolotisi 


y 


(Owatapintl 
Paenteni 


, 
Pakanunti 


FF PP PF PF PF KP 


Pakosagari 
Patarul 
Pomabint 
Purinoti 
Pakarekaentanti 
Tobosonunti 
lominti 


Tontorenti 


Waionkag 
Wakawuri 
Wanangiri 
Wanumekamakuiti 


iganuvanp iki 


ling vears and manv of the houses thers though a critical matter, cannot be accurately 

transiently occupied. Thus, it would — estimated, since this is a very variable quantity 

neorrect to conclude that the incidence of kuru ind one which is most difficult to assess accurately 

has been much higher at Aibiveganti than at in view of the frequent shifting of residents, 
Wasanamunti in recent irs. The portion of the visiting, and the use of transient shelters 


on resident \ f the hamlets, al lable 5 summarizes the 63 deaths from kuru 
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TABLE 5 


f and 


Aibiveganti 
25 Aki 
27 Kainto 


1950 
1950 
1952 
1952 
1952 
1952 
1955 
1955 
1956 
1957 
1958 
1958 
1959 


30 Pagiwani 


33 Kilokilo 
34 Nantare 
35 Waiariso 
15 Ayao 

16 Sosoba 


19 Morai 


52 Kokori 


5S | gina 
57 Aiyogu 
61 Avariso 


63 Taiseo 


eo 5 ie > ihe > ihe > ER ile 5 ir >t ill dic 5 ER illic > iie > Eke >| 


1960 
Agiapinti 
2 Noraso 


3 Kubere 


1941 
1941 
1941 
1941 
1942 
1942 
1944 


1945 


t Kegeso 
5 Abe 
7 Siie 

9 Turri 

14 Tabasi 

16 Koiampa 
Amugenagobinti 

62 Naremu 
Atabunti 

6 Ube 

10 Yarota 

15 Ataro 

19 Esesa 


23 Tanti 


1959 


1941 
1942 
1944 
1947 
1949 
Iguniti 

1 Nanane 

14 Naga 


56 Sama 


1927 
1955 
1958 
Kaita 
21 Akeku 
Kantawanti 
53 Abaku 


Kumati 


1948 
1957 
13. Kalonto 1944 
Ad adult. 


chronological 


the 


individually in 
the 
of the patient’s residence at 


si que hee 
The place 
time ol 


onset 


the 


ground of residence at 
onset 
for each of the 63 recorded kuru cases is indicated 
on the sketch map ol the Moke hamlets in Figure 
8. The Moke lands are 


present in 


located by 
\ugust 
of each kuru victim is 


Various 
and houses 


The sex 


ground 


L957 


hame, 


are show n 


under 


year of death of Voke kus 


Maburi 
31 Namabiso 
$1 Abarita 
59 Yagase 


Mamasati 


1952 
1953 
1958 
50 Konabaiya 1956 
Mobotaianti 
s Aiva 
11 Eneme 


1942 
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29 Kegusa 1951 
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55 Yara 
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37 Mataie 
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1949 


1950 


1952 


1953 


1954 
1955 
Wasanamunti 
26 Auro 
28 Aruwani 
10 Kontabari 
18 Umburere 
51 Oro 


60 Kabiba 


1950 
1951 
1953 
1956 
1956 
1959 
Yabisononti 


38 Agenopa 


1953 


Child 


are show n by 


(15 


a broken circle symbol; 


indicated, patients years Of age or 


under) 


adults, by an unbroken circle. The vear of each 


death is recorded within the symbol for the case. 

From inspection of Tables 4 and 5 and Figure 8 
it is evident that kuru cases were not restricted 
few hamlets during the last 


to any t years of 


direct observation, nor were they so restricted 
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village 
of all 
Since then 


vet 


6 presents the 
the 
borne married men at that time 


done in Jub 


ind linguist of 
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WIVeCS 


ifield, 


Irom 


group 
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have been purchased from further 


ilthough already in 1957 many wives 


neighboring linguistic areas and = from 


rather remote Fore \ illages had been obtained by 


onset 


Jecupeed House (1957, 
KURU DEATHS 
— ¢ ‘ 


Female Adult Female Chid state Adult 
>/S yrs ys > yrs 


tow | hott 
1S yrs 


Year of death mus (9OO m cuwcie 
@-aed m (956 


ind the place of residence of each 


of his illness 


Moke men. It 
the 78 wives in Moke, all 6 non-Fore wives were 
alter had 
established in the region, and the same applies 


is of interest, however, that, of 


bought administrative control been 
to the wives from more distant Fore villages, such 
as Kabuyei. Thus, the pattern of bride purchase 
far more restricted 


before civilized contact was 


than that shown in our 1957 survey. The various 
villages referred to in Table 6 may be located on 
the III of 
page 6§20* 


To date none of the 


map in paper this series (Figure 7. 
non-Fore lin 


kuru at Moke. 


from. villages 


Wives Irom 
guistic groups has developed 
these 


still within the kuru region and, thus, should they 


However, all women come 
later develop kuru, they could still be accepted as 
carriers of a kuru gene. Only if people born com 

outside of the region of kuru oecurrence 
develop kuru, would we have important evidence 
against the genetic hypothesis 


SUMMARY 


\n intensive study of the Moke community 
North 1957 and 


1958, and continued less intensively since then, 


of Fore natives, carried out in 
has failed to suggest any change in kuru preva 
lence or mortality over the past decade. The still 


primitive living conditions of the first half of the 





‘WO F—o9yZOTY wot} T pue 104 edunuy wlOdj [ -SMOpPIM omy t 
‘deyeqosaty 


pUY OUBUIYY—SOLIBUOISSIUT GATIBU Z PUB ‘IqUq’A Wor 2 ‘910.9 —BSNFVX BBY WOIJ E :TUNUIVURSE A Ul JUApIsal SopVUN YUBIBIUIUTT ZT SUIPNpoUt JON } 
‘2061 Ang ul peyiodal sy , 


ayoyy-uo0Uu yO | 
er 62 


a10,q-uou 9 


| | pvep 
pus Za 
“Al qI0g 
,S[8I0], 
p®9q 
SUIAIT 


IN MOKE 


pveg §}9[ 
SULAVT -wey 138430 

pad rant 
SUIAV'T -BUBSE AM 


Zz 
= 
= 
E 
< 
As 


c<URU 


eUuyreIg 
eSPIVIP 


eseumnuy 
Bd3010 4 
raAnqey 
edumuy 


[T®30.L Bynins/) ou 


dnoi3 d1ystnzury] 


tsdnoi3 dTySMNZat| jus0e(pe pue s104 Jo SIZVI[IA SNOLIVA WO} 1q3N0q SAIAIM ‘ON 


, UIU 9ULOG-9YO JY fo saan fo urb1u9 


9 ATAVL 





638 


period, 1951 to 1955, contrast markedly with the 
rapid acculturation of civilized society of the 
second half of the decade; and yet, no alterations 
in the kuru pattern can be detected over these 
years. 


Sixty-three cases of kuru have been recorded 
for the Moke complex of hamlets with a total 
population of about 240. Of these, twelve cases 
have been studied since the onset of investigations 
in 1957 and the remainder were recorded from 
the memories of natives by direct inquiries or 


coincident with the collection of genealogies. The 
pattern of distribution of the grounds inhabited 
by the kuru patients at the time of onset, of the 
places of death and of garden sources of food 
used by kuru victims, in no way suggests associa- 
tion between the cases or common exposure in 
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time or place to any particular sub-ecology of the 
region. 
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This study was undertaken as part of a long- 
term investigation of the blood group genetic 
pattern of kuru patients, in an attempt to 
determine whether kuru-afflicted populations are 
genetically different from surrounding kuru-free 
Melanesian populations. In the following paper 
of this series additional data on the blood groups 
of kuru patients of the Fore group will be pre- 
sented. The occasion of the present report is 
taken to summarize the existing extensive blood 
group genetic data for the cultural and linguistic 
groups of the island of New Guinea (Papua, 
New Guinea and Netherlands New Guinea) and 
to compare these data with those obtained by us 
between 1956 and 1960 for kuru-affected popula- 
tions, their immediate neighbors, and many other 
population groups in New Guinea. 

This paper presents the results of blood group 
genetical surveys carried out on 2,549 blood 
specimens from Melanesian natives of Papua- 
New Guinea and 304 from New Britain and 
Guadalcanal. Nineteen hundred and eighty-five 
of the specimens were from natives of the Eastern 
Highlands of New Guinea, of whom 837 were 
residents of the kuru region, and 1,148 were 
members of linguistic groups near to, but outside, 
the known limits of kuru. Previously unreported 
data for 868 blood specimens from elsewhere in 
New Guinea and Melanesia are presented with 
the Eastern Highlands data for further compari- 
sons. The distribution of linguistic and cultural 
groups in the Eastern Highlands of New Guinea 
and the relation of these groups to the kuru prob- 
lem have been discussed in preceding papers.'-4 
A preliminary report on blood group studies in 
kuru was made recently by Simmons and Gaj- 
dusek.* The respective linguistic groups may be 

* One of us (R.T.S.) acknowledges a grant from 
the Wenner-Gren Foundation for Anthropological 
Research, Inc. through the University of Cali- 


fornia, Los Angeles, used mainly for air-freight 
charges. 
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located on the accompanying maps (Figures 1 
and 2). 

The linguistic groups investigated and the 
numbers of specimens studied from each group 
can be seen in Table 1. Both kuru-free and kuru- 
affected segments of the Gimi (Kimi) population 
have been separately studied, since only a few of 
the Gimi hamlets lie within the kuru region. 


MATERIALS AND METHODS 


Sterile blood specimen samples (15 to 30 ml) 
were collected from the antecubital vein of older 
children and adults and from the femoral vein of 
infants and younger children and were allowed 
to clot. The specimens were kept without pre- 
servative and were refrigerated at 4°C when 
possible soon after collection. The samples were 
then air-freighted to Melbourne on regular 
services. Red cells free from clots were suspended 
in glucose-citrate blood preservative and stored 
at 4°C. The methods employed in preserving 
and testing the blood samples have been de- 
scribed by Simmons et al.® 

Although blood specimens from 167 kuru 
victims and 25 kuru recovered patients have 
been studied along with 356 specimens from 
normal Fore individuals, the results of the blood 
group determinations on kuru patients have 
not been included in this study; these data will 
be analyzed in the subsequent paper of this 
series.’ 

The ABO gene frequencies have been cal- 
culated by the method of Bernstein* using the 
formulae: 


a D 
A= (1-V0+B) (1+2) 


= D 
B= -Vo+® (1+) 


O=1-A-B 
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where 


D=VO 
and O. A. B are frequencies ot phenotypes O, A 
ind B, respectively 


A+V0O0+B+ V6 -1 


The MNS and Rh gene frequencies have been 
calculated by the iterative gene counting method 
of one of us (J.J.G., unpublished) which has been 
in use here for some years. This method, which is 
similar to that of Ceppellini et al.,° yields values 
equivalent to likelihood estimates, 
but does not involve calculation of variances. It 
has been adapted to permit inclusion of partially 


maximum 
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The linguistic groups of the kuru region and surrounding areas 


classified data. This modification was especially 
useful for the MNS calculations because some of 


the samples were tested with all four sera, anti- 
M,N, S and s, some with anti-M, N and § 
only, some with anti-M, N and s only, and others 
with anti-M and N only, according to the avail- 
ability of these antisera at the time of testing. 
In groups in which there was no evidence for the 
presence of the gene mS it was assumed to be 
absent. Tests for goodness of fit for the ABO, 
MNS and Rh systems were performed on ran- 
domly chosen linguistic groups, but these are not 
presented in the respective tables. 
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RESULTS AND DISCUSSION 


The results of this study for the ABO, MNS and 
Rh groups are presented in Tables 1, 2 and 3. 
The distribution of Rh, (D") variants in New 
Guinea and in the Pacific races is shown in Table 
4. The findings relative to A, (ABO group), D® 
and CY (Rh group), and S+, s+, Ss—, Gr, Mg 
(MNSs group), together with the blood groups 
P, Le* (Lewis), Fy* (Duffy), K (Kell), Lu* 
(Lutheran), Wr* (Wright), Jk* (Kidd), Dis 
(Diego), Js* (Sutter) and V have been presented 
in Table 5. Limited tests for the sickle-cell trait 
(S.C.T.) and the ability to taste phenyl thio- 
carbamide (P.T.C. test) were also performed. 
Anti-Js* and anti-V sera (related to Negro blood 
factors) were generously supplied by Dr. Eloise 
Giblett of Seattle, U.S.A. 

The ABO blood groups. The ABO gene fre- 
quencies calculated for the various groups studied 
are given in Table 1. The results are presented 


Furor} 2 


( 


Island 


. Linguistic boundaries of the Eastern Highlands District, Territory of New Guinea 


on the basis of cultural and linguistic groups 
which have been further subdivided into (a) 
populations in the kuru region, (b) kuru-free 
Eastern Highland populations, (c) distant kuru- 
free populations and (e) Melanesian populations 
of outlying islands. The number of natives tested 
in some of the linguistic groups in the present 
survey is small; statistical tests (x?) have indi- 
cated that the populations within these subdivi- 
sions are not always homogeneous with regard to 
the ABO, MNS and Rh blood groups—in fact, 
highly significant differences have been observed 
even within the one cultural and linguistic group, 
e.g., the Kukukuku. Nevertheless, in some cases 
there is justification for totaling results from 
groups associated linguistically, culturally, an- 
thropomeirically or geographically. The authors 
believe that, in appraising the data, assistance is 
gained by presenting gene frequencies based on 
pooled results for some of these associated groups, 
in addition to those calculated for the separate 
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TABLE 1 
A-B-O blood groups and gene frequencies in New Guinea and New Britain* 





No. and % in groups Gene frequencies 
Cultural and linguistic group No. 





tested 
| oO Ai B } AiB 








Populations in the kuru region 








131 160 
36. 44.¢ 
Gimi 


Keiagana 


aI10 N= » OI 


Kanite 


Usurufa 
37. 12. 
Kamano 20 s : 
| | 46.5 18.6 .0 
Totalt 256 88 | 26 
2.6 | 39.7 | 13.7 4.0 


| 





Kuru-free Eastern Highland populations 





Kuru-free portions of kuru- 
affected groups 
Gimi 


Auyana 


Totalt 


Kuru-free groups 
Agarebi* 


Awa 
Chimbu 
Gadsup 


Kukukuku 


Moraei-Simbari 51 
Menyamya 343 
Total: Kukukuku§ 401 
Tairora 248 
Yar Pavaian 26 


Total: all kuru-free 893 
groups) 











TABLE 1—Continued 





! . 
No. and % in groups Gene frequencies 
Cultural and linguistic group 





1 No. | 
| tated | Oo Ai B B 


Distant kuru-free populations 








Highland 
Enga : 42 48 26 
34.7 39.7 | 21. 
Dani-Mulia 29 29 
19.2 19.2 





Coastal lowland 
Sepik 
Wam-Maprik 


—_ 


Luwaite-Wam 


Abelam-Maprik 


Non OW OS © 


Total: Sepik 


_ 
o 


Papua 
Orokaiva 


South coast Dutch New 
Guinea 
Asmat 20 16 
29.0 : 23.2 
Fredrik Hendrik 15 11 3 
Eiland 73.3 20.0 5.7 





Melanesian populations of outlying islands 








New Britain 
Mangsing 71 38 12 | 20 
16. 28. 
Sulka 64 36 12 ll 
ee 17. 


Pilelo Island Arawe 5s | 28 | 14 
| 1. 

Total9 f ¢ 55 

|} 19.8 





British Solomon Islands 
Protectorate 
Guadalcanal 26 7 12 
26.9 46.2 





* If 3 Az specimens found in the Agarebi are included, the gene frequencies are: 








No. 


| tested | 0 





Agarebi 68 24 
Total: all kuru-free | 896 | 407 | 322 
groups|| 











* Gene frequencies of kuru patients are presented in the following paper. 

+ Includes 1 Yagaria and 7 Yate specimens. 

t Includes 2 Keiagana specimens. 

§ Includes 7 Auroga Kukukuku specimens. 

|| Includes total Kukukuku and 2 Asaro and 8 Bena Bena specimens. 

§ Includes 11 Mengen, 7 Tolai, 4 Arawe, 3 Bola, 1 South Baining, 1 Golu, 1 Melkoi, 1 Wita Island, 
and 10 mixed New Britain native specimens. 
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groups, but warn that the heterogeneity should 
not be overlooked when drawing conclusions 
from the various totals given in the tables. The 
totals contain small numbers of results from other 
linguistic groups, in addition to those presented 
in the tables as indicated by the footnotes. These 
series were too small for independent calculations 
of percentages and gene frequencies. 

The ABO frequencies in New Guinea follow a 
basic pattern with some variation from linguistic 
group to linguistic group and from area to area. 
There is generally fairly high O, moderate A and 
less B. The largest deviations were observed in 
groups of which only small numbers were tested 
and for that reason some of them may be fortui- 
tous. The lowest A and the highest O in these 
results occurred in the Gimi of the kuru region, 
in Kukukuku (Moraei-Simbari) and in the 
Mangsing and Sulka of New Britain, all numeri- 
cally small samples. The highest A found was in 
two small groups, the Kamano and Agarabi; but 
a high value was found in the large group of Fore 
people. The lowest O frequency observed was in 
the Dani-Mulia, a Highland kuru-free group; 
but moderately low O frequencies were also found 
in the Sepik River District and in a small sampling 
of Awa. To the Dani-Mulia also belongs the 
distinction of having by far the highest B in the 
series, while the Sepik people also showed high 
B. The lowest B was found in the Kanite, Usurufa, 
and Gimi, from kuru-free regions, and especially 
in the Kukukuku (Menyamya), all in the 
Eastern Highlands. Thus, the Eastern Highlands 
exhibit the widest variations in all three A, B 
and O genes and one feels that in view of the wild 
inaccessibility of this region random genetic 
drift in numerically small populations may have 
played a very significant part in this variation. 

The New Guinea ABO pattern is generally 
one of high O, moderate A and less B. 

Subgroup Az in New Guinea. An unmixed 
family of the Agarabi linguistic group in the 
Eastern Highlands of New Guinea has been 
proved to possess subgroup A: of the A,A,BO 


system. It was first demonstrated in a boy aged 


15 years, and a subsequent family investigation 
showed that the father was presumably AiA:2, 
the mother OO and the children A,O, A,O, AO, 
and A.O, respectively. The ages were father, 46 
years; mother, 45; daughter, 22; daughter, 21; 
son, 15; and daughter, 8. The testing reagents 
used were a potent extract of Dolichos biflorus spe- 
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cific for the A; antigen, and group B human serum 
absorbed with A: cells to prepare a specific anti-A; 
reagent. The family was a typical Highland family 
with no history of white, Negro or any other 
admixture. The father, who possessed the Az 
gene, was born in an area of the New Guinea 
Highlands which, until recent years, had no 
contact with the outside world. The depth or type 
of skin pigmentation in the Highland native 
population is variable, and the father of the 
present family was described as one with “red 
skin”; this, however, does not imply admixture 
with any other race. 

This New Guinea family possessing Ae is 
the first found and proved in the Pacific peo- 
ples by two of the present authors who have 
tested populations in Asia, Indonesia, Melane- 
sia, Micronesia, Polynesia and Australia over the 
past 20 years. However, A: was reported by 
Simmons and Graydon" in a Filipino of Samar 
and by Simmons ef al." in a native of Pango in 
the New Hebrides. In neither case was the finding 
confirmed as repeat samples could not be ob- 
tained, nor could family studies be carried out. It 
is possible that both samples were typed as Ae 
because of red cell deterioration in transit to 
Melbourne or, if the findings were correct, that 
racial admixture had been responsible rather than 
an underlying low frequency of Az in Filipinos 
and New Hebrideans. 

The finding of subgroup A, and not A: has 
been remarkably consistent in all the Pacific 
surveys to date. The discovery of Az in only one 
New Guinea Highland family, and its apparent 
absence in other members of the Agarabi linguistic 
group and in New Guinea as a whole, suggests 
that the gene Az in its isolation is possibly the 
result of a recent mutation, for we believe that 
in this case the gene could not have been acquired 
from an outside source by an apparently unmixed 
Highland native aged 46 years who had lived in a 
locality not visited until recently by white man 
or by any other race carrying the A: gene. 

The MNS blood types. The MNSs percentages 
and gene frequencies on the same specimens 
studied for the ABO groups are tabulated in 
Table 2. 

The MN pattern in New Guinea is one of 
consistently high n frequency which varies from 
.80 to 1.0, but it is only in the Sepik River area 
that the lower figures of this range are found. 
Elsewhere the range of variation of n is largely 
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restricted to values greater than .9 with m cor- 
respondingly less than .10. Higher values of m 
have been found in New Britain and Guadalcanal, 
but the Sulka of New Britain would appear to 
conform more closely to the New Guinea distri- 
bution. The percentage of S-positive reactors 
varies from 0 in Netherlands New Guinea to 35 
at Chimbu and 40 in the Enga population. 
Populations in the kuru region have 3% to 15% 
S positive, while the kuru-free Eastern Highlands 
people have 1% to 35%, distant kuru-free popula- 
tions 0% to 40% and Melanesian populations of 
outlying islands 0% to 20%. The distribution of 
S is thus variable in New Guinea and adjacent 
populations. The only cases in the present series 
in which S was associated with M were in the 
Sepik River natives of whom 3 out of 4 group 
M’s were S-positive. Apart from these there was 
no evidence for the existence of the mS chromo- 
some in New Guinea or New Britain in our tests. 

The Rh blood types. Table 3 shows the percent- 
ages of the Rh types and gene frequencies calcu- 
lated from results obtained from the same speci- 
mens studied for the ABO groups and MN types. 

Throughout the present surveys three genes, 
R', R? and R°, have proved sufficient to account 
for the results obtained. Phenotype Rh, was 
demonstrated only in the Kukukuku (Menyamya); 
and, as is usual in these Pacific studies, no evi- 
dence of the Rh negative gene r was found. 

The Rh pattern is consistently one of high R! 
frequency. The Kukukuku (Menyamya) have 
lower R' than do the other groups, but the value 
is still high; the frequency of R? was higher at 
.216 in this group. 

It is known that R* occurs very infrequently 
in New Guinea and we believe that its presence 
in the Daru Island population is due to inter- 
change of visits with Australian aborigines.”-™ 
One blood sample from the Mangsing of New 
Britain typed as R*R*, a result which seems most 
unlikely in view of the absence of RhiRh, samples 
in 71 individuals tested. The sample reacted 
normally with anti-Rh, (D), anti-rh’ (C), and 
anti-rh” (E), but failed to react with anti-hr’ 
(c) and anti-hr” (e). The result was not confirmed 
as it was impossible to obtain a further blood 
sample for repeat tests. In view of the doubt 
attached to this unusual finding, the result of 
the test was excluded from the main table, but 
has been treated separately as a footnote in 
Table 3 for the purpose of gene frequency calcu- 
lations. 
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Rh, (D“) variants in New Guinea and the 
Pacific. Many thousands of blood samples from 
Papua-New Guinea had been fully Rh typed 
before the first Rh, (D") variants were found in 
the Gadsup linguistic group of the Eastern 
Highlands of New Guinea. In the present survey, 
Rh tests on a total of 2,853 Melanesian blood 
samples (2,549 in New Guinea) revealed only 4 
“low-grade” Rh, (D") variants, and none of 
of “highgrade.”’ The position in the Territory of 
Papua-New Guinea differs from that in New 
Britain where such variants are relatively common 
as shown by Simmons et al.”: In Netherlands 
New Guinea both “high-grade’’ and “low- 
grade” variants have been found in the Lake 
Sentani natives, and in those of the Nimboran 
District by Nijenhuis and de Vries,!® and by de 
Vries and Nijenhuis.'* Thus, only three popula- 
tion groups out of many tested in New Guinea 
have revealed the D*" characteristic, that is, a 
weaker red cell agglutination with some anti-Rh, 
(D) sera than with others, or a negative reaction 
by agglutination and a positive reaction by the 
anti-globulin (Coombs) test. Ceppellini et al.” 
established that apparent “high-grade” Rh, (D*) 
variants may occur owing to suppression of Rh, 
(D) by rh’ (C) in the opposite chromosome. As 
the r’ (C) gene has not been found in New Guinea, 
and as the variants demonstrated are “low-grade,”’ 
it would seem that suppression is not the explana- 
tion of the findings in 4 members of the Gadsup 
people. It must be assumed that the blood samples 
are homozygous CD*%e/CD*e, because in the 
heterozygous state, CD"e would not be detected 
in the presence of a normal Rh, (D) antigen 
arising from an R' or R® gene. 

Rh, (D") variants, both “high-grade” and 
“low-grade,” have been demonstrated by 
Simmons and associates in Australian aborigines 
and in Polynesians. The relevant surveys are 
presented in Table 4. It is possible that Rh, 
(D") variants do occur in most, if not all of the 
Pacific races, because weaker reactions with anti- 
Rh, (D) sera have not always been reported; 
further, as the Pacific peoples are virtually all 
anti-Rh, (D) positive and lack the Rh negative 
gene, only homozygous variants would be ap- 
parent in Rh typing in the surveys made to date. 

Other blood groups in New Guinea. In Table 5 
is presented a summary of other blood group 
reactions found in the present survey in the New 
Guinea area. The presence of A; and D», demon- 
strated for the first time in New Guinea, has 
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TABLE 3 
Rh blood groups and gene frequencies in New Guinea and New Britain 








7 No. and % in groups Gene frequencies 
Cultural and linguistic group No. 





| tested |—— | 
RhiRhi RhiRhs RhiRhe | Rh: | Rho R 





Populations in the kuru region 





356 | 304 | 28 | 


85.4 | 7.9 
Gimi 47 40 5 
85.1 | 10.6 
Keiagana 40 30 Se 
| 75.0 | 20.0 | 
Kanite 65 53 7 
81. 10.8 
Usurufa 86 75 ; 10 | 
87.2 | 11.6 | 
Kamano 43 36 4 
83.7 9.3 
645 | 545 63 | 
84.5 | 9.8 


to 
pes 


on oN eK Sw Oo 

















Kuru-free Eastern Highland populations 








Kuru-free portions of kuru- 
affected groups 
ximi 84 66 
78 .6 
Auyana 166 146 
Totalt 252 | 214 
84. 
Kuru-free groups 
Agarebi 


Awa 
Chimbu 
Gadsup 


Kukukuku 

Moraei-Simbari 51 38 ey 
74.5 | 9.8 | 11. 

Menyamya 343 | 202 | 105 11 
58.§ 30.6 3. 

Total: Kukukukut 401 | 243 - 
60.6 | 28.0 | 4. 

Tairora 247 | 239 5 fs 
96.8 2.0 | F 

Yar Pavaian 26 13 9 3 
50.0 | 34.6 ll. 

Total: all kuru-free groups§ | 895 | 682 | 142 39 
76.2 | 15.9 4.3 


























No 


“sa) ¢ li nol No. 
Cultural and linguistic group tested 


Distant kuru-free 


Highland 
Enga 121 


Dani-Mulia 151 
Coastal lowland 
Sepik 
Wam-Maprik 


Luwaite-Wam 
Abelam-Maprik 
Total: Sepik 


Papua 
Orokaiva 

South coast Dutch New 

Guinea 

Asmat 


Fredrik Hendrik Eiland 15 


New Britain 
Mangsing* 


Sulka 
Pilelo Island Arawe 
Totall-¢ 


British Solomon Islands Pro- 


tectorate 
Guadalcanal 26 


TABLE 3—Continued 


Melanesian populations 





No. and % in groups 


RhiRho 


RhiRhi 


RhiRha 


populations 


109 


63 
91.3 
12 
80.0 20.0 


of outlying islands 


68 
97.1 
48 


© =] 

“or 

o 

— 
an NS ON WY 


wo 
—) 


19 ‘ 1 
73.1 5. <F 3.8 


Gene frequencies 








.962 


| .032 


.9083 | .0743 | . 
| 


911 -089 


.9663 | .0337 | 0 
9188 | .0663 | .0149 
| 


846 | .106 | .048 


¢ If 1 specimen in the Mangsing giving the reactions of Rh,Rh, is included, the gene frequencies are: 


No. 


outed RhiRhi 


71 
278 


Mangsing 
Total 236 





RhiRh: | RhiRho Rh2 RhzRhz R} 


2 0 972 


30 .9152 


R? R* 


.014 0 
-0660 | .0149 


| .014 
.0039 





* Includes 1 Yagaria and 7 Yate specimens. 


t Includes 
t Includes 
§ Includes 
|| Includes 


2 Keiagana specimens. 
7 Auroga Kukukuku specimens. 
total Kukukuku and 2 Asaro and 8 Bena Bena specimens. 


11 Mengen, 7 Tolai, 4 Arawe, 3 Bola, 1 South Baining, 1 Golu, 1 Melkoi, 1 Wita Island 
and 10 mixed New Britain native specimens. 
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TABLE 4 
Rho (D*) variants in Pacific races* 





Population 


Reference “High-grade”’ | “‘Low-grade’”’ 





Papua-New Guinea 
Papua-New Guinea 
Netherlands New Guinea, Lake | 
Sentani 
Netherlands New Guinea, Nimbo- 
ran District 


Present survey 
de Vries and Nijenhuis (1960)!* 


Nijenhuis and de Vries (1960)!5 


| 4/2549 
12/369 | 
| 


10/127 | 10/127 





New Britain 
Rabaul 
West Nakanai 
Kakuna Mamusi, Kisiluvi 
Mamusi, West Nakanai 


Walsh (1952)!8 
Simmons et al. (1956) 
Simmons et al. (1960)!4 


| 


1/20 
8/94 


9/157 





Australia (aborigines) 
Palm Island 
Central Australia 
Cape York Peninsula 
Western Australia 





Walsh (1952)18 

Simmons et al. (1954)!9 } 
Simmons et al. (1958)?° 

Simmons (1958)?! 


3/42 

4/167 
13/250 

7/1698 


2/250 
3/1698 





Polynesia 
Cook Islands 
Eastern and Central Polynesia 


Simmons et al. (1955)? 
Simmons and Graydon (1957)? 


1/267 


2/138 1/138 


| 
| ain 
| 
| 
| 
| 





* Since the preparation of this paper we have seen a report by Watson, Zigas, Kooptzoff and Walsh” 
in which 11 out of 375 New Guinea natives at Kainantu possessed the D" antigen. The presence of the 
D" antigen in the Kainantu natives was proved initially by one of us (R.T.S.), and its presence was sub- 


sequently accepted by Watson et al. in 1960. 


already been discussed. No example of rh¥ 
(C¥) of the Rh system was found in 172 speci- 
mens tested, and in an earlier survey‘ 441 samples 
from the Central Highlands also gave negative 
results. In all the Pacific surveys made to date no 
example of rh¥ (C”) has been found. 

In the MNSs system tests were made for the 
antigen S,s, Gr and Mg. The results are presented 
in Table 5 for (a) populations in the kuru region, 
(b) kuru-free Eastern Highland populations, (c) 
distant kuru-free populations and (d) Melanesian 
populations of outlying islands. The §8-positive 
percentage varies from 0 in Dani-Mulia, Nether- 
lands New Guinea, to 30.6 in the Sepik River area. 
In the total number tested 272/2,136 (12.73%) 
were § positive. In tests with anti-s 443/445 
(99.6%) were s positive. No example of Ss nega- 
tive was found in 451 samples tested, a finding 
which differs from that in Negroes.** In tests with 
anti-Gr (V)**.27 0/143 was positive. In tests 
with anti-Mg* 0/131 was positive. 

The P blood group. The P; antigen was fairly 
uniformly distributed in the regions tabulated. 


In the total specimens tested, 566/1,468 (38.56 %) 
were anti-P; positive. 

The Le (Lewis) blood group. Tests were made 
mostly with anti-Le* serum with negative results 
in all regions except for one positive reaction in 
Dani-Mulia, Netherlands New Guinea. Thus 
1/740 (0.1%) was Le(a+). The almost complete 
absence of positive Le* reactions is similar to the 
earlier findings™:” (of two of the present authors) 
where anti-Le* tests were correlated with saliva 
tests to determine the A, B, H secretor status and 
nearly every individual tested proved to be a 
secretor of A, B or H substances. In tests with 
anti-Le> serum, 128/161 (79.5%) were positive. 
It was found that 33/161 (20.5%) blood samples 
were Le(a-b-). 

The Fy (Duffy) blood group. In tests with 
anti-Fy*, 746/746 (100%) were Fy(a+). This 
conforms to earlier findings in a number of sur- 
veys in New Guinea. The Pacific races tested 
have all proved to be 100% Fy(a+), except 
Polynesians. 

The K (Kell) blood group. No Kell positive 
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sample was found in 427 tested with anti-K. This 
again conforms with earlier surveys in New 
Guinea, and in the Pacific races generally. 

The Lu (Lutheran) blood group. No Lutheran 
positive sample was found in 160 tested with 
anti-Lu*. The Lu* antigen seems to be absent in 
the Pacific peoples, but tests made to date are 
not extensive. 

The Wr (Wright) blood group. The Wr* antigen 
which has a low frequency in white people was 
not found in 811 blood samples tested in New 
Guinea. 

The Jk (Kidd) blood group. In tests with anti- 
Jk* using the very sensitive modified two-stage 
low pH papain technique of Albrey and Sim- 
mons,** 156/176 (88.6%) were Jk(a+). 

The Di (Diego) blood group. In tests with anti- 
Di* generously provided by Dr. Miguel Layrisse 
of Caracas, Venezuela, no Di(a+) sample was 
found in 373 tested. In an earlier report Sim- 
mons* found no positives in limited tests on 
Polynesians, Australian aborigines, Papuans and 
in natives of New Britain. In tests in Poly- 
nesia, Staveley and Douglas* found no Di(a+) in 
92 Maoris; Douglas and Staveley* found no Di- 
(a+) in 214 Cook Islanders; and Staveley and 
Douglas’ found no Di(a+) in 200 Tongans. 
Simmons and Graydon™ found no Di(a+) in 
blood samples from 80 Eastern and Central 
Polynesians, while Simmons et al.* found 0/97 
Di(a+) in New Britain. The distribution of the 
Di* blood antigen in various peoples in different 
parts of the world has recently been reviewed by 
Diaz Ungria.** The Diego factor is generally re- 
garded as a Mongoloid marker. 

The Js blood group. Evidence for an eleventh 
blood group system, Js, was reported by Giblett 
and Chase.** It was shown that the Js* antigen 
occurred in about 20% of Negroes and was absent 
in white people. Tests with anti-Js* showed that 
0/151 of the New Guinea blood samples was 
Js(a+). Two hundred blood samples of Tongans 
in Polynesia also lacked the Js* antigen.* 

The Rh antigen V. A new Rh antigen V, com- 
mon in Negroes and rare in white people, was 
reported by De Natale et al.” and further studied 
by Giblett et al.,* who also reported its presence 
in Orientals and American Indians. The data 
suggest that the V gene is part of some r (cde) 
chromosomes and of some R® (cDe) chromosomes. 
It is more frequent in the latter chromosome. 
These chromosomes are absent or in low fre- 
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quency in New Guinea so it is not surprising 
that tests with anti-V serum showed no V+ 
blood in 150 New Guinea specimens. 

The sickle-cell trait (S.C.T.). Only 50 tests 
were performed and these proved to be negative 
for the 8.C.T. character. Negative results were 
also obtained on 161 specimens from Port 
Moresby and 280 from Chimbu by Walsh and 
Cotter.” Swindler” obtained negative results 
with 277 samples mostly from New Britain, and 
Simmons et al.“ found 125 Australian aborigines 
devoid of the trait. Negative results were also 
obtained in the British Solomon Islands, the 
Philippines and Korea.® 

Ability to taste phenyl thiocarbamide. The re- 
sults of previous P.T.C. taste tests carried out 
in New Guinea have been reported.™.” Difficul- 
ties in interpretation of the results were en- 
countered, and the results were presented with 
some doubt as to their reliability. The reported 
results for 330 tested at Mount Hagen were 
83 (25.1%) strong tasters, 96 (29.1%) weak tast- 
ers, and 151 (45.8%) who apparently could not 
taste the substance, or at least were not un- 
pleasantly affected by the test as carried out. At 
the Wissel Lakes in 178 tests, 50 were recorded as 
tasters, 12 as weak tasters, 64 as nontasters and 
52 could not be classified. In the present tests in 
New Guinea 30 natives were tested in the Eastern 
Highlands. Twenty-three were tasters—9 of 14 
Fore, 5 of 7 Kamano and Keiagana, 7 Kuku- 
kuku-Moraei, and 2 Awa. Good translation was 
available and multiple control tests made identifi- 
cation of the tasters certain, although strong and 
weak tasters could not be reliably differentiated. 
Nontasters were not found in the small number 
of Kukukukus and Awa natives tested. 


A Review of Recent Blood Group Investigations in 
Papua-New Guinea 


The first blood group survey in the natives of 
New Guinea appears to have been that of Moss 
(Howells) who tested 59 natives on the northeast 
coast of New Guinea in 1927. In this small series 
42% were group O, 39% group A, 14% group B 
and 5% group AB. Other early ABO surveys, 
tabulated by Mourant et al.,“ are those of Bijlmer 
in southwest New Guinea and at Mimica, Kalt- 
hoven at Merauke, and Bos in the Schouten 
Islands. While the ABO frequencies vary in each 
survey the outstanding features are the high O 
reaching a peak of .796 in the Schoutens and the 
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moderate B. Later, more extensive investigations 
were made in New Guinea, adding to the above 
ABO data, MN, Rh and other blood group sys- 
tems. 

The following surveys have been made in New 
Guinea by various investigators in more recent 
years, and the results are presented in Table 6. 

Papua. Graydon and Simmons“ tested 200 
natives for A,;A2BO, MN and the Rh, blood 
groups. Nearly all the natives originated in 
Papua on the coast from Daru Island to Samarai. 
This survey showed the presence of B, the ab- 
sence of both A: and the Rh negative gene r, and 
the highest value for n reported to that time. 
Distinct differences were shown between the A, B, 
O, m and n frequencies for the Daru-Kikori area 
and those of other south coast districts, and an 
analysis by statistical tests brought forth the 
suggestion that the natives of Papua were not 
genetically homogeneous. Simmons ef al." ex- 
tended the above survey by testing a further 255 
Papuan blood samples from the Daru-Kikori- 
Kerema area; and, of these, 100 were examined 
for Rh types. An exceptionally high frequency for 
R' was found, and the new observations confirmed 
and extended those of the first survey and re- 
vealed further evidence supporting the statement 
that the natives are not homogeneous. The ab- 
sence of genes A2 and r and the high n frequency 
in Daru-Kikori were also confirmed. These were 
basic observations which have not been changed 
over the years by surveys made in all parts of 
New Guinea. Sanger et al.*® tested 141 blood 
samples collected in Port Moresby from Papuan 
coastal natives in 16 districts from Daru Island 
to Samarai. In this survey S of MNS was shown 
to be present in 22.7% of the natives. A further 
Papuan series of 1,032 natives, classified as 460 
Motu-speaking, 294 Koita-speaking, and 278 
Motu-Koita, was tested by Groves et al.“ The 
samples were collected near Port Moresby and 
were from Papuan coastal natives living about 35 
miles either side of Port Moresby. The results 
were characterized by a relatively low frequency 
of A and a relatively high frequency of B. In the 
Rh system no evidence for the presence of R° was 
detected. In the ABO system there was no 
significant difference between the Motu-speaking 
and Koita-speaking people, while there were 
significant differences in the MN and Rh systems. 
The blood group patterns of the two populations 
resembled each other in many respects. Despite 
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linguistic affinities, blood group data did not 
support any suggestion that the Motu were 
descended from the same genetic stock as any 
contemporary Polynesian or Southeast Asian 
populations. 

Kariks et al.” tested 433 blood samples from 
the Goilala Sub-district of the Central District 
in Papua. The blood group pattern was similar to 
that in other parts of the Highland region of 
Australian New Guinea in respect to high n and 
high R', but lower frequencies than usual of A, B 
and S were found. Jiiptner et al.® examined a 
further 339 blood samples from natives in the 
neighborhood of Kikori in the Gulf District of 
Papua, and the results have been combined with 
an earlier series of 137 previously reported. It 
was found that the blood group pattern of natives 
from the Kikori Sub-district of the Gulf District 
varied from that found in the Gulf District 
generally, which suggested heterogeneity within 
the Gulf District. A comparison made of gene 
frequencies in the Gulf District with those in the 
Western Highlands showed that the Highland 
natives a!l have a lower frequency of m and a 
higher frequency of S. The natives of the Central 
District have a higher frequency of m and a lower 
frequency of S. 

New Guinea and Papua. Walsh et al.” col- 
lected 357 samples in Port Moresby from natives 
who were classified into the following districts: 
Gulf, Central, Northern, Western, Sepik, Morobe 
and Milne Bay. These are areas defined for 
administrative purposes, and have no known 
anthropological significance. The results were 
further analyzed according to the language 
spoken, that is, by division into Melanesian- 
speaking and Papuan-speaking groups. The 
analyses again demonstrated heterogeneity in the 
ABO and MN systems, but not in the Rh system. 
In the ABO system it was the Sepik, Northern 
and Morobe groups mainly responsible for lack of 
homogeneity; and in the MNS system, Western 
and Milne Bay natives. Dunn et al.® obtained a 
further series of 562 samples, again from members 
of the Pacific Islands Regiment at Port Moresby. 
The blood grouping results were pooled with those 
of Sanger et al.*® and Walsh et al., making a total 
of 1,060 for analysis in the three series giving a 
wide random sampling of New Guinea and Papua. 
The administrative districts used in the analysis 
were extended to include Madang, and also the 
islands of New Britain (109 tested) and New 
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Ireland (43 tested). The analysis made revealed 
heterogeneity in the ABO and MNS systems. In 
Papua the gene frequencies were found to be more 
uniform than those in New Guinea. 

New Guinea. Semple et al.* tested 485 natives 
of the Central Highlands of New Guinea; of these, 
362 originated from Chimbu, Nondugl and Mount 
Hagen, while 123 were from Goroka. In the ABO 
groups striking features were the significant dif- 
ference between the frequencies for both A and B 
for Goroka and the remarkably constant figures 
for Chimbu, Nondugl and Mount Hagen. The 
Goroka B frequency, .102, was similar to that 
found in coastal natives in Papua. The over-all B 
frequencies in two south coast surveys from Daru 
Island to Samarai were .129 and .112, respectively. 
The higher B frequency, .179, in the Chimbu, 
Nondugl, Mount Hagen group was similar to that 
in Papuans of the coastal Daru-Kikori area, B = 
196," and in the Papuan speaking group of 
Walsh et al.,® B = .178 (calculated by Semple 
et al.™*). 

Ivinskis et al.*' tested 864 blood samples from 
Chimbu natives in the Central Highlands for the 
ABO, MNS and Rh blood groups. The gene 
frequencies were very similar to those reported 
for 120 Chimbu natives by Semple et al. Statis- 
cal analyses made by Ivinskis et al." for the ABO, 
MN and Rh systems on the basis of age, sex and 
region of origin showed no evidence of heteroge- 
neity in the Chimburatives. The gene frequencies 
did not differ greatly from those found in other 
parts of Central Papua and New Guinea, except 
that the m frequency was lower than others re- 
ported in New Guinea. Macintosh et al.* tested 
2,690 subjects originating mostly from the 
Western Highlands of New Guinea, and the 
results were analyzed on the basis of 18 geo- 
graphical sub-areas. The group A percentage 
varied from 20.97% in the Tumundan area to 
52.39% in Kundip. The group B percentage 
varied from 7.94% in Kundip to 31.25% in the 
Middle Lae Wapenamanda area. The percentage 
of positive reactors with anti-S varied from 
16.67% in Tari to 48.19% in the Yugonda area. 
The over-all S-positive percentage of 37.0 was the 
highest found for any group tested in New 
Guinea. In the Rh types RhiRh; varied from 
76.99% at Muriraga to 98.11% in Welya. 
Rh, Rhz percentages varied from 1.89% at Welya 
to 23.19% at Yaramanda. An analysis of the 
blood group frequencies showed that the natives 
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of the Wabag area differed (1) from regional 
populations outside New Guinea, where ethnic 
links might be sought, (2) from the whole of New 
Guinea, using as a basis for comparison the gene 
frequencies found by Dunn e¢ al. for 1,060 
natives of the Pacific Islands Regiment, (3) from 
other New Guinea Highland populations, and (4) 
within the Wabag area itself. Statistical calcula- 
tions showed that the differences were unlikely to 
have arisen by chance; and a biological explana- 
tion was sought without success in considering 
such factors as random genetic drift (the Sewall- 
Wright effect), emigration, immigration, muta- 
tion and selective advantages or disadvantages. 
In general, however, the blood group pattern in 
the Western Highlands was similar to that found 
in other parts of the island of New Guinea. A 
detailed analysis was made of sub-areas within 
the Western Highlands, especially within the 
Wabag area; and significant though small dif- 
ferences in the distribution of the phenotypes of S 
and the Rh blood group systems were found be- 
tween sub-areas. Consideration of these dif- 


ferences led to the conclusion that they may have 
been produced (1) by irregular hybridization of an 
earlier population with later arrivals, (2) by 
random factors in the selection of small groups 


which became relatively isolated within the area, 
or (3) by random factors in attaining genetic 
equilibrium. It was thought probable that all 
these factors have operated through many 
generations to produce a complex pattern. The 
factual information concerning the blood groups 
recorded in the paper does not, as yet, provide the 
means to specifically interpret the ethnology of 
the Western Highland natives. It was suggested 
as possible that the mixing of an earlier popula- 
tion, possessing high § and no M, and a later im- 
migrant stratum, having no § and little M but an 
otherwise similar blood group pattern, could 
explain the differences within the Highlands, and 
between the Highland and coastal populations. 
There was blood group evidence that the Milne 
Bay area has been subjected to a strong influence 
from the eastern Melanesian islands. It was 
considered, also, that the New Guinea natives are 
probably no “purer” than any other population. 

Craggs et al. reported ABO, MN and Rh blood 
group results for 111 Kukukuku natives sampled 
in Lae and in their own territory. The Kukukuku 
inhabit a very rugged area of New Guinea on the 
boundary between New Guinea and Papua, 
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north of Kerema, west of Bulolo, west-south-west 
of Lae, and adjacent to the Eastern Highlands 
Administrative District. The people are known 
to be cannibals and extremely warlike, and have 
proved extremely difficult to deal with. The high 
A frequency of .341 was only exceeded by that of 
natives in the Kundip area again on the New 
Guinea-Papuan border, where in 63 natives A 
was found to be .368 and B .07.% The Kukukuku 
B of .064 was the lowest found in New Guinea 
surveys to that date and the A the second highest. 
In tests with anti-S only 7.2% of the bloods 
reacted; n was .896 and FR! .827. The blood group 
pattern was unlike that found in any other part 
of New Guinea. It differs from the Highlands 
pattern in the ABO and MNS systems, and from 
the coastal natives in the Morobe, Gulf and Cen- 
tral Administrative Districts in all three blood 
group systems. The gene frequencies could not be 
explained as a result of any mixture of coastal 
and Highland natives, so that the Kukukuku do 
not conform to the hypothesis advanced by 
Macintosh et al.@ that the Highland natives 
represent the descendants of an earlier people 
with varying degrees of mixture with later arrivals 
who now inhabit the coastal region. It was sug- 
gested by Craggs et al.® that the Kukukuku may 
represent a third group of people who have not 
mixed to any appreciable extent with either the 
Highland or the coastal people. 

Armytage et al. reported the blood group gene 
frequencies for 266 natives of the Bulolo River 
Valley. The values for A, B, S and R? were found 
to be intermediate between those of the Kuku- 
kuku and those reported by Dunn et al. for the 
Morobe District. The possibility of an admixture 
of the two peoples was suggested. Kariks et al.5 
tested blood samples from 2,123 natives in the 
Goroka Sub-district and the results found were 
similar to those reported earlier by Semple et 
al.4 The results were analyzed on the basis of 
language spoken and were found to be hetero- 
geneous. Champness et al. investigated a pygmy 
population near Aiome, in the Highlands between 
Mount Hagen and Madang. A total of 189 blood 
specimens was examined, and the blood group 
pattern resembled that of other parts of New 
Guinea, but was characterized by the lowest m 
frequency encountered in the Territory. The 
pattern differed from that shown by other 
pygmy peoples in the Wissel Lakes area of 
Netherlands New Guinea, in Malaya, the Anda- 
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man Islands and Africa, and supports the theory 
of multiple origin of pygmies from other peoples 
in the areas concerned, rather than the suggestion 
of a common ancestry for all pygmies. 

MacLennan et al.” tested 392 natives of the 
Sepik River District. The blood groups showed a 
relatively high B frequency and an m frequency 
which was greater than that in the Highlands, 
but less than that in other coastal parts of New 
Guinea. The subjects were divided according to 
language spoken and place of residence, and 
heterogeneity in the ABO and 8 blood groups in 
the six divisions was demonstrated. MacLennan 
et al.® examined 473 natives in the Mount Hagen 
area in the Western Highlands District and ob- 
tained gene frequency results similar to those 
reported earlier by Semple et al.%* The blood 
groups were similar to those found in other parts 
of the Highlands with high frequencies of B, n 
and R'. The only evidence of heterogeneity within 
the area, in spite of different languages, was in 
respect to the S gene. 

Netherlands New Guinea. Graydon et al.™ 
reported the results of blood grouping tests car- 
ried out in 1950 on 139 pygmies of the Wissel 
Lakes area in Netherlands New Guinea. The 
survey covered ABO, MN, Rh, P, Le* and Fy* 
blood groups and P.T.C. taste tests. The A fre- 
quency, .075, was the lowest and the O frequency, 
.783, was the highest then recorded for New 
Guinea natives. Only 1 of 138 samples was type 
M, and the n frequency was .899. In tests with 
anti-S serum 2 samples of 137 (1.5%) were anti-S 
positive. In the Rh tests the genes, R', R* and 
R°, were present with an R' frequency of .850. In 
this paper comparisons were made with other 
pygmy groups, and with native groups in New 
Guinea; the conclusions reached were that the 
Papuan pygmies are true Papuan, not apparently 
related to African pygmies, and that their rela- 
tionship to other pygmies is not close. Buettner- 
Janusch et al. have reported blood grouping 
tests on 70 Kapauku (Me) of the West Central 
Highlands. Despite the deliberate inclusion of 
related individuals in the series, the ABO, MN 
and Rh gene frequencies are very similar to those 
for natives of the Wissel Lakes also in these High- 
lands. In the small series of Kapauku, one C”, one 
K+, and two Di(a+) samples were found. The 
presence of these genes has not been reported else- 
where in New Guinea by other investigators. 

de Vries and Nijenhuis'* tested 240 Sentani 
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natives, who live on the shores and islands of 
Lake Sentani southwest of Hollandia, and 129 
Sekori living south of Lake Sentani. Nijenhuis 
et al.®° tested 147 Asmat natives from the low- 
lands along the coast of south New Guinea be- 
tween the Helwig and Kampong Rivers. The 
samples were collected in the village of Sjoero in 
Flamingo Bay. The blood grouping results of 127 
Nimboran natives from the western part of the 
Grime plain southwest of Lake Sentani and 
Hollandia have been presented by Nijenhuis and 
de Vries.1® An investigation was made at Biak, 
Isles of Schouten, on 183 subjects by Nijenhuis 
and van der Hoeven." In the five series reported 
by the Dutch workers covering Sentani, Sekori, 
Asmat, Nimboran and natives of Biak, A varied 
from .101 (Isles of Schouten) to .299 in the 
Sekori. B, .078 in the Nimboran, increased to .217 
in the Asmat in the south. The Sekori have O, 
.599, while at Biak the frequency is .780. Tests 
with anti-S gave 0% in the Sekori and reached 
7.6% at Biak, while on the south coast S was 
14.4% in the Asmat. The highest frequencies for 
n are found in the Nimboran, .972, and Asmat, 
.961, while ~ Biak the frequency is .735. The 
highest R', . was found in the Asmat and the 
lowest R', coal in the Sentani. Thus, in Nether- 
lands New Guinea differences in gene frequencies 
are observed between neighboring groups, e.g., 


Sentani and Sekori, as in other parts of New 
Guinea, while the general blood group pattern in 
the ABO, MNS and Rh groups remains the same. 

Unpublished data for Netherlands New Guinea 
have been generously made available to us by Dr. 
L. E. Nijenhuis of Amsterdam. The MNSs fre- 
quencies have been calculated by one of us 
(J.J.G.) from the data supplied. All the ABO, 
MNSs and Rh gene frequencies for Papua-New 
Guinea referred to in the above review have been 
presented in Table 6, and areas sampled can be 
located in Figure 3. 


Variations in A, B, O, n and R! in New Guinea 


An examination of Tables 1, 2, 3 and 6 shows 
that in New Guinea the highest A frequency .341 
was found in a group of 111 Kukukuku sampled 
at Lae but this contrasts with the present series 
in which the A frequencies in two linguistic Kuku- 
kuku groups were .138 and .256 with an average 
value of .243 for 401 natives tested. However, in 
the 2,690 natives tested by Macintosh et al.@ 
there was a small group of the Kundip area on the 
Papuan-New Guinea border which had a fre- 
quency for A of .368. The area of lowest A was 
in Netherlands New Guinea—Mandobo (Upper 
Digoel) .073, at the Wissel Lakes .075, and Ka- 
pauku (Me) .051. 

The highest B was in the Highland Dani-Mulia, 





662 


.3809, and Dani-Baliem Valley, .298, in Nether- 
lands New Guinea. The lowest B was found in the 
Eastern Highlands of New Guinea—Kukukuku 
(Menyamya) .0236, Kanite .047, Gimi .049, and 
Usurufa .067. 

The highest O, .766, appears in the Gimi and in 
the Kukukuku (Moraei-Simbari), .736, of the 
Eastern Highlands. The lowest O was in the 
Dani-Mulia, .441, and the Asmat, .488, from the 
Highlands and south of Netherlands New Guinea, 
respectively. Other groups in the Central High- 
lands and Sepik River Districts also had low 
frequencies of O. 

The highest n, .987, was found in the Aiome 
70 miles west of Madang in the Schrader Ranges. 
In the Awa of the Eastern Highlands n was .985 
and in the Gimi, .989 and .982. In the Central 
Highlands the natives of Chimbu were .975. In 
the Asmats of Netherlands New Guinea n was 1.0 
and .961, in the Star Mountains .979, and at 
Nimboran .972. In Papua, Daru Island and 
Kikori n was .961. In spite of apparent lack of M 
in one or two small groups, no linguistic group in 
New Guinea has been shown to lack M completely. 
The lowest n was found in the Sarmi, .718, of 
northern Netherlands New Guinea; at Biak, 
Isles of Schouten, .735; and in the Papuan coastal 
area, Kerema to Samarai, .773. 

In the Rh types the highest R' was found in 
Netherlands New Guinea in the Asmat, .996, and 
the Dani-Baliem Valley, .982. The lowest R' oc- 
curred in the Eastern Highlands of New Guinea 
in the Yar Pavaian, .731, and in the Kukukuku, 
.758. 

As stated previously, the Kukukuku differ 
culturally, and also in blood group frequencies, 
from the adjacent linguistic groups. From the 
above discussion and the results of the earlier 
survey reported by Craggs et al.,® it is evident 
that the three groups of Kukukuku, (1) the 
Moraei-Simbari, (2) the Menyamya, and (3) 
those sampled at Lae, differ significantly from 
each other in gene frequencies. They are all 
culturally and linguistically Kukukuku, but blood 
grouping has revealed genetic differences for 
which no explanation is offered here; however, 
the differences are too marked to be due to 
sampling errors. 

From the above data it may be assumed that 
the blood group gene frequency variations and 
the known racial diversity are not necessarily 


explained on the score of hybridization alone. 
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Particular areas throughout New Guinea show 
considerable variations in maximum and mini- 
mum gene frequencies, and these variations may 
be the result of group isolation of small numbers 
throughout the island, with resultant inbreeding, 
mating selection, and genetic drift, producing 
the observed variations from an over-all blood 
group pattern which is basically the same. From 
this it would appear that the peopling of New 
Guinea (and New Britain) resulted from small 
initial numbers of the same basic stock, and that 
over the centuries diverse types have evolved, 
showing variations both in blood group gene 
frequencies and in physical characteristics. 


SUMMARY 


A blood group genetical survey has been car- 
ried out in the kuru region of the Eastern High- 
lands and other parts of Papua-New Guinea. A 
total of 2,853 blood specimens has been tested 
and gene frequencies are presented for the ABO, 
MNSs and Rh blood groups. Results are also 
presented for the blood groups P, Le*, Fy*, K, 
Lu, Wrs, Jk, Dis, Js", and V. A fewS.C.T. and 
P.T.C. tests were also made. The extensive blood 
group genetic data for natives of New Guinea 
(Papua, New Guinea and Netherlands New 
Guinea) have been tabulated, and comparisons 
made of frequencies found in various linguistic 
groups in different parts of New Guinea. 

It is considered that the apparent phenotypic 
heterogeneity of the natives of New Guinea is 
largely the result of differentiation developing 
from a small, reasonably homogeneous population 
which spread gradually to many relatively iso- 
lated regions, and that over the centuries diverse 
types have evolved which show variations both 
in physical characteristics and in blood group 
gene frequencies. 

No evidence of the blood antigen Di*, a possible 
Mongoloid marker, was found in New Guinea. 
No evidence of the blood antigens Js* and V, or 
S.C.T., possible Negro markers, was found. The 
absence of subgroup A: (except in one family) and 
the low frequency of the gene R, do not offer any 
support for earlier suggestions that a Negro com- 
ponent is present in New Guinea natives. 
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Since the commencement of kuru investiga- 
tion'-* early in 1957, it has seemed evident that 
genetic factors are probably important in the 
pathogenesis of kuru. For this reason all blood 
specimens taken were investigated for blood 
groups in an attempt to determine whether kuru 
patients and kuru-afflicted populations are geneti- 
cally different from surrounding kuru-free 
Melanesian populations. Furthermore, since the 
genealogical data on kuru are consistent with a 
one gene hypothesis of transmission as a Mende- 
lian dominant trait with incomplete penetrance 
of the mutant gene, it was tempting to hope that 
an association might be found between the kuru 
gene and some genetic factors, such as blood 
groups, which might lead to the establishment of 
a useful practical marker for kuru disease in 
populations which possess the kuru gene. Ac- 
cording to the simplest genetic hypothesis, dis- 
ease would occur in more malignant form in 
children of either sex in subjects homozygous for 
the kuru gene. In the heterozygous condition 
endocrine factors would apparently play an im- 
portant role, permitting the expression of the 
disease only rarely in men, and more regularly in 
women. In the current study, blood group genetic 
data on 167 patients suffering from kuru, all of 
whom have died of the disease, are presented. A 
smaller group of 25 so-called ‘‘recovered”’ cases 
were similarly studied. This group included (a) 
rare remitting and exacerbating cases which are 
apparently true kuru and may be expected 
eventually to end in death during a recrudescence 
of the disease; (b) the extremely rare cases of ap- 
parent complete recoveries; (c) a number of cases 
which are probably hysterical mimicry of the kuru 
symptoms; and (d) a small group of mild, un- 
diagnosed neurological disorders which have now 
subsided. 

It must be realized that many of the “normal” 
Fore natives are potential kuru victims who will 
later develop the disease and succumb to it. 
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Most (135) of the kuru patients were Fore na- 
tives. However, some (32) were full-blooded or 
mixed members of surrounding kuru-affected 
linguistic groups. 

Blood group genetic data for the various New 
Guinea cultural and linguistic groups have been 
summarized in a previous paper of this series,® 
and relevant data given as to materials and 
methods. 


RESULTS AND DISCUSSION 


In Table 1 are presented the ABO, MNSs and 
Rh blood groups for 167 kuru patients, together 
with the heterogeneous group of 25 “recoveries.” 

Table 2 presents for the purpose of comparison 
the ABO, MNSs and Rh gene frequencies for 167 
kuru victims, 25 kuru-recovered subjects, 356 
normal Fore natives, 645 (including 356 Fore) 
members of 6 linguistic groups in the kuru region, 
252 members of 2 groups representing kuru-free 
portions of kuru-affected groups, 401 Kukukuku 
natives, and a total of 893 of the kuru-free 
Eastern Highland populations which includes the 
401 Kukukuku. 

All the above gene frequency results (Tables 1 
and 2), with the exception of those for the 167 
kuru victims and 25 kuru-recovered subjects, 
were presented in a previous paper.® 

The warlike Kukukuku natives of the Eastern 
Highlands differ from other Highland groups 
referred to in Table 2 both physically and in 
blood groups in having the lowest B (.0369), the 
highest O (.7198), the lowest ns (.8450) (except 
for the 25 kuru-recovered subjects), the lowest R! 
(.7681), and the highest R* (.1986). The Kuku- 
kuku population is the only one of a number of 
linguistic groups bordering the Fore that does not 
fit into Wurm’s East New Guinea Highland 
Linguistic Stock.!®° Although they show con- 
siderable variation in blood group gene fre- 
quencies among themselves, the Kukukuku have 
not mixed to any appreciable extent with their 
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TABLE 1 
ABO groups, MNSs and Rh types of kuru patients in New Guinea 





: No. and % in groups Gene frequencies 
Population No. 
‘ . hain a eS, ee 


es t #4. 





Kuru victims i7 : | 336 4 | .2 7 . 1259 .6570 
35.9 

Kuru recovered 25 | 9 
36.0 





No. and % in types 
No. 


> = 
Population tested 


MN N | ms | | 8S i ns 
| 
; 


Kuru victims 167 10 157 | 0296 .0390 .9311 
6.0 94.0 } 
Kuru recovered 25 | | § 20 ; .186 .714 
20.0 80.0 
No. and % in types Gene frequencies 
Population N - — . a ane 
RhiRh: | RhiRho | ry 


736 | .0252 


Kuru victims s7 | 23 8 

13.8 4.8 
1 
4. 


Kuru recovered 2: : | 4 


.080 .020 
16.0 | 


0 


TABLE 2 


Gene frequency comparisons of the kuru-afflicted population with other populations 
in the kuru region and kuru-free Eastern a, populations* 


No. 


Population tested 


A B O |mS| ms nS ns R! | Re 


Re SNES tame SRN RS Tier oe Tan Sp aye 


Kuru victims 167 | 2171) .1259| .6570| 0 | .0299) .0: .9311| .9012| oy .0252 


| | | 
Kuru recovered 25 | .203 | .107 | .690 | 0 | .100 | .186 | .714 | .900 | .080 | .020 


Fore normals | 356 | 2885) .0964) .6151 | 9 | .0253) .0454) 9298 — 0393) .0337 








Populations in a the kuru region 


Six linguistic groups 645t | 2504) -0928; .6568) 0 | .0543 .0381 - 9076) 9201) | .0523 -0276 





Kuru- Aree Eastern Highland populations 





Kuru-free portions of kuru-af- 
fected groups 25% -2004; .1292) .6703) 0 | .0238) .0078 
Kuru-free groups 
Kukukuku 401 -2433| .0369| .7198| 0 | .0786) .0764| .8 
Kuru-free groups | | 
Total 893} | 2284) 1061 6754 0 | -0681| .0658, .8681 8631) 1079) -0290 





* The gene frequencie ies s other th: an those for kuru victims and kuru recovered are taken from the pre- 
ceding paper by Simmons et al.® 

Tt The total includes 356 Fore normals shown above. 

t The total for the MNSs series was 896; the total for the Rh series was 895. 
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neighbors and are physically of a different habitus 
from that of other Eastern Highland populations. 
Kuru disease has not been observed in the Ku- 
kukuku. 

A comparison of the ABO, MNS and Rh gene 
frequencies of kuru-afflicted groups with those of 
the surrounding kuru-free New Guinea popula- 
tions reveals some differences which are on the 
borderline of statistical significance; also some 
were observed 
between kuru victims and kuru-free members of 
the Fore people, but it is doubtful whether they 
are sufficient to suggest an association between 
kuru disease and any of these blood factors. Thus, 
the ABO frequencies of the kuru victims and Fore 
normals in our series differed according to the 
x? test (p = .025), the difference being that the 
kuru sufferers had lower A, higher B and higher 
O frequencies. 


differences in gene frequencies 


The MNS frequencies were re- 
markably similar in the two groups, but the x? 
test on the Rh frequencies again suggested dif- 
ferences which were close to the p = .05 level of 
significance. A further difference was observed be- 
tween these same groups in the frequency of 
Le(b +); 6 of 11 kuru victims, compared with 18 
of 20 Fore normals, possessed the Le> antigen. 
Though the numbers tested are small, this dif- 
ference is statistically significant at the p = .04 
level. 

No significant differences were revealed in tests 
for other blood group factors (Table 3). The full 
comparisons made cover the blood groups 
Ay ABO, MNSs, Rh (D", Cv, V), P, Le’, Le?, 
Fy*, K, Lus, Wrs, Jk* and er When a large 
number of comparisons are made, the level of 
statistical significance must be more stringent 
than when few comparisons are made. Con- 
one would hardly suggest from the 
small differences referred to above that there is 
an association between kuru and the B, O, R? or 
Le» genes. The observed differences could be due 
to selection in our sample imposed by collecting 
kuru sufferers, 


sequently, 


although the possibility of loose 
association is not disproved and should not be 


overlooked. Further family genetic studies in- 
volving blood groups of kuru-affected populations 
would be needed to detect chromosomal associa- 
tions of the kuru determining gene. This aspect of 


the kuru investigation is now being studied. 
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SUMMARY 


The ABO, MNSs and Rh blood group gene 
frequencies are presented for 167 kuru victims and 
25 kuru-recovered subjects, and comparisons 
made with other populations in the kuru region 
and with kuru-free Eastern Highland populations. 
Comparative results in other blood group systems 
are also summarized. 

Some differences were found between kuru- 
afflicted and kuru-free groups, but these are not 
considered sufficient to be regarded as evidence 
of an association between the kuru-predisposing 


gene and any of the blood factors. 
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don), Professor of Pathology, Medical College, 
Calcutta, Bacteriologist to the Government 
of West Bengal. 141 + xii pages, illustrated. 
Edinburgh and London, Oliver and Boyd, 
1961. 25s. 


Introduction to Parasitology with Special Reference 


to the Parasites of Man, by the late Asa C. 
Chandler, M.S., Ph.D., Professor of Biology, 
Rice Institute, Houston, Texas, Former 
Officer-in-Charge, Hookworm Research Labo- 
ratory, School of Tropical Medicine and 
Hygiene, Calcutta, India, and Clark P. Read, 
M.A., Ph.D., Professor of Biology, Rice Insti- 
tute, Houston, Texas, Former Associate 
Professor of Parasitology, Johns Hopkins 
University School of Hygiene and Public 
Health, Baltimore, Maryland. 10th edition, 
822 + xii pages, illustrated. New York and 
London, John Wiley & Sons, Inc., 1961. $9.75. 


Recent Advances in Tropical Medicine, by Sir Neil 


Hamilton Fairley, K.B.E., M.D. (Lond), 
D.Sc. (Melb), F.R.C.P., F.R.A.C.P., D.T. 
M.&H. (Eng), F.R.S., Hon. F.R.C.P. (Ed), 
Hon. M.D. (Adel), Hon. LL.D. (Melb), Hon. 
D.Sc. (Syd), Consulting Physician, Hospital 
for Tropical Diseases (University College 
Hospital), London, Formerly Wellcome Pro- 
fessor of Clinical Tropical Medicine, Univer- 
sity of London, Tata Professor of Clinical 
Tropical Medicine, Bombay, and Hon. Con- 
sultant in Tropical Medicine to the Army, 
A. W. Woodruff, M.D. (Durh), Ph.D. (Lond), 
F.R.C.P., D.T.M.&H. (Eng), Wellcome 
Professor of Clinical Tropical Medicine, 
University of London, Physician, Hospital 
for Tropical Diseases (University College 
Hospital), London, Lecturer in Tropical 
Medicine, Royal Free Hospital, London, Hon. 
Consultant in Tropical Medicine to the Army, 
and J. H. Walters, M.D. (Camb), F.R.C.P., 
Lt.-Col. I.M.S. (Ret), Physician, Hospital 
for Tropical Diseases (University College 
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Hospital), London, Consultant Physician, 
Tropical Unit, Queen Mary’s Hospital, Roe- 
hampton, Lecturer in Tropical Medicine, 
London School of Hygiene and Tropical Medi- 
cine, Lecturer in Tropical Medicine, King’s 
College Hospital, London. 3rd edition, 480 + 
viii pages, illustrated. London, J. & A. Church- 
ill Ltd. (distributed in the United States 
and Possessions by Little, Brown and Com- 
pany, Boston), 1961. $11.00. 


Classification of Kin, Age Structure and Marriage 


amongst the Groote Eylandt Aborigines. A 
Study in Method and a Theory of Australian 
Kinship, by Frederick G. G. Rose. 572 + xvi 
pages, illustrated. Oxford, London, New York, 
and Paris, Pergamon Press, 1960. $15.00. 


Techniques in Tropical Pathology, by B. G. Mae- 


graith, Professor of Tropical Medicine, W. E. 
Kershaw, V.R.D., Professor of Parasitology 
and Entomology, and D. Dagnall, Chief Tech- 
nician and Demonstrator in Parasitology, 
from the Liverpool School of Tropical Medi- 
cine. 164 + xii pages, illustrated. Edinburgh 
and London, Oliver and Boyd, 1961. 25s. 


Animal Parasites in Man, by N. H. Swellengrebel, 


Ph.D., M.D., The Royal Tropical Institute, 
Amsterdam, and M. M. Sterman, M.D., Public 
Health Physician, Tropical Disease Diag- 
nostic Service, Bureau of Preventable Dis- 
eases, New York City Department of Health, 
Instructor in Tropical Diseases, College of 
Physicians and Surgeons, Columbia Univer- 
sity, Associate Physician in Tropical Diseases 
and Parasitology, Knickerbocker and Elm- 
hurst General Hospitals. 652 + x pages, illus- 
trated. Princeton, New Jersey, Toronto, 
London, and New York, D. Van Nostrand 
Company, Inc., 1961. $12.00. 


Manson’s Tropical Diseases. A Manual of the 


Diseases of Warm Climates, Sir Philip H. 
Manson-Bahr, C.M.G., D.S.0., M.A., M.D., 
D.T.M. and H. Cantab., F.R.C.P. Lond., 
M.D. (Malaya-Hon. Causa), Editor. 15th 
edition, 1177 + xiv pages, illustrated. London, 
Cassell (The Williams & Wilkins Co., Balti- 
more, exclusive U. 8. agents), 1960. $15.00. 


Non-infective Disease in Africa. The Peculiarities 


of Medical Non-infective Diseases in the In- 
digenous Inhabitanis of Africa South of the 
Sahara, by H. C. Trowell, O.B.E., M.D. 
(London), F.R.C.P., Consultant Physician 
Mulago Hospital, Uganda Medical Depart- 
ment and Department of Medicine, Makerere 
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College Medical School, Kampala, Uganda, 
Formerly Senior Specialist Physician and 
Lecturer in Medicine. 481 + viii pages, illus- 
trated. London, Edward Arnold (Publishers) 
Ltd. (The Williams & Wilkins Co., Baltimore, 
exclusive U. S. agents), 1960. $13.00. 

Recent Advances in Human Nutrition with Special 


Reference to Clinical Medicine, by J. F. Brock, 
D.M. (Oxon.), F.R.C.P. (Lond.), Professor 
of Medicine, University of Cape Town, Cape 
Town, South Africa, with a number of invited 
contributions on special subjects. 454 + xii 
pages, illustrated. Boston, Little, Brown and 
Company, 1961. $11.50. 
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Medical and Biological Research in Israel, MosuEe 
Prywes, Editor. 562 + xix pages, illustrated. 
Jerusalem, The Hebrew University of Jerusa- 
lem, and Hadassah, The Women’s Zionist 
Organization of America (Grune and Stratton, 
Inc., New York, distribution agent for the 
Americas), 1960. $8.00. 

This book is a contribution to the celebration of 
the tenth anniversary of the founding of the State 
of Israel in 1948. It presents the background of 
scientific achievement before that date, reports 
briefly subsequent achievements in medical and 
biological research, and points out the lacunae 
which should be filled in the immediate future. It 
has been prepared by 62 contributors under a 
scientific advisory council of 23, all from the insti- 
tutions in Israel which are participating in these 
fields of research. The 2,000 references to publica- 
tions have been selected from over 5,000. 

The book is divided into three parts: Introduc- 
tion, Regional and Applied Research, and Re- 
search of General Nature. In the Introduction the 
background research from early times through the 
nineteenth century is mentioned, and the research 
in the present century is reviewed in the periods 
prior to and during the British Mandate (1920- 
1948). Then follow the history and description of 
the Hebrew University of Jerusalem with its 
Hadassah teaching hospital and of eleven other 
institutions of research, administration and public 
assistance. Photographs of most of these institu- 
tions and their activities are provided. A brief 
description of present educational facilities and 
programs in medicine, biology and agriculture 
concludes the introduction. 

Part II, Regional and Applied Research, con- 
tains sections on public health and social medicine, 
plant sciences agriculture, animal 
husbandry, and industrial aspects of biological 
research. 

Part III, Research of General Nature, which 


applied to 


is basic research, includes sections on experi- 
mental biology, experimental and clinical research 
in medical disciplines, botany, zoology and history 
of biology and medicine. 

Each of the above sections has numerous sub- 


sections describing the research being conducted 
in branches of the general field. For instance, 
under public health and social medicine there are 
subsections on demography, communicable dis- 
noninfectious diseases, mental health, 
nutrition, genetics and medical care. Under experi- 
mental biology there are subsections on genetics, 
radiobiology, embryology, cancer, microbiology, 
metabolism and enzymology. The research is de- 
scribed in very brief statements which give a good 
idea of accomplishments, plans and needs. It 
would be impossible to review these in detail. 
The book gives a striking picture of a population 
recruited largely from Nazi-persecuted Europe, 
the Middle East and America, varying greatly in 
educational, social and cultural background, im- 
migrating to a land impoverished by centuries of 
conflict, poor in natural resources, and surrounded 
by unfriendly neighbors. One is struck by the vigor 
and determination of the scientists contributing 
to this volume to solve the health and biological 
problems of the region and to add to knowledge 
which will benefit mankind in general. This decen- 
nial report should stimulate the co-operation of 
the scientists of neighboring and distant countries 
which is eagerly sought and expressed by the 
editorial board. 
Henry E. MELENEY 
UNIVERSITY OF FLtortpa COLLEGE OF MEDICINE 
GAINESVILLE, FLORIDA 


eases, 


Pioneer Microbiologists of America, by Paut F. 
CLARK, Emeritus Professor of Medical Micro- 
biology, The University of Wisconsin. 369 + 
xiv pages, illustrated. Madison, The University 
of Wisconsin, 1961. $6.00. 

By the author’s definition “early’’ is the Vic- 
torian era, closing with World War I ‘‘when the 
philosophies and optimistic dreams of that era, 
many of them manifestly unfounded, were shat- 
tered by Mars and Molch.”’ The story is extended 
beyond World War I mainly to complete the his- 
tories of certain outstanding persons and events 
which had their principal beginnings during or 
before the war. 

Of eighteen chapters, the first is a sort of ex- 
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tended preface and philosophical introduction to 
the development of microbiology, and outlines the 
early concepts of the origin of life, the idea of 
Contagium Animatum, the controversy over the 
doctrine of spontaneous generation, and the work 
of Antony Van Leeuwenhoek and its impact on 
ideas of the cause of disease. Chapter 2 outlines 
briefly the embryology of the United States Ma- 
rine Hospital Service and its expansion to the 
Department of Health, Education, and Welfare. 
The description of the controversy over smallpox 
inoculation, starring Cotton Mather and Zabdiel 
Boylston, is colorful and circumstantial. In Chap- 
ter 3 are outlined the prebacteriological epi- 
demiological works of Brettonneau on diphtheria, 
Panum on measles, Snow on cholera, Budd on 
typhoid fever, Holmes and Semmelweiss on puer- 
peral fever and the work of several other less well 
known but equally astute Americans: Flint, Stim- 
son and others. Chapter 4 gives in extensive detail 
the prebacteriological period of some of the great 
epidemics: yellow fever, cholera, malaria, tubercu- 
losis; not including the 1918 influenza epidemic. 
Each story is carried through to its present status. 
Chapter 5 is a historical sketch of the development 
of medical education and public health, especially 
along the eastern seaboard, yielding some space in 
the latter field to previous works by other authors: 
Chapin, Whipple, Top and others. The chapters 
on Johns Hopkins University and Medical School, 
with anecdotal accounts of such personalities as 
William H. (‘‘Popsy’’) Welch, Flexner, MacCal- 
lum; the developments in Massachusetts: Sedg- 
wick, Clark, Gage, Theobald Smith; the Harvard 
University; Winslow and Rettger of Connecticut; 
and so on, follow the westward march of empire 
over disease, in similar vehicle, to the Pacific 
Coast. 

A closing section on Perspective includes two 
chapters, the first summarizing data on develop- 
ment of communications: the origin and evolution 
of scientific societies and journals which had their 
origin in America prior to 1916, starting with 
Franklin’s Junto in Philadelphia in 1743. In the 
final chapter the author ‘‘expands, develops and 
modulates” his major theme philosophically and 
reflects upon the future of the rising microbiologist 
and his profession in light of man’s stupid in- 


humanity to his fellows, religious antagonisms, 
etc., and gives the Master Word in Microbiology 
(which this reviewer will not divulge!). 

The whole is a mine of fully documented ac- 


counts, histories, narratives and character 
sketches, illustrated with thirty-eight excellent 
photographic portraits, and represents an enor- 
mous amount of research and a busy lifetime be- 


hind the scenes in personal contact with many of 
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the actors. All is presented in a scholarly style 
with a genial and humorous twinkle of the eye. 
The book is an essential part of the education 
(and entertainment!) of anyone interested in 
microbiology, especially in its medical and related 
aspects. 

MaRrTIN FROBISHER 

P. O. Box 91 

Harwicu, MASSACHUSETTS 


Current Therapy—1961. Latest Approved Methods 
of Treatment for the Practicing Physician, 
Howarp F. Conn, M.D., Editor; Gzorce E. 
Burca, M. Epwarp Davis, Vincent J. DERBES, 
GARFIELD G. Duncan, Hues J. Jewett, Ciar- 
ENCE S. LivinGcoop, Perrin H. Lona, H. Hovus- 
TON Merritt, Water L. Parmer, HosBart 
A. Retmmann, Ratpp WayNe RuNDLES, and 
Rospert H. Wiuutams, Consulting Editors. 
806 + xxxii pages. Philadelphia and London, 
W. B. Saunders Company, 1961. $12.50. 

Current Therapy is a compendium of treatment. 
Its contents are described on the title page as the 
latest approved methods of treatment. This pub- 
lication has appeared annually for a number of 
years not stated in the present edition. Its value 
to the practitioner of medicine is generally recog- 
nized, but because of its size and cost it is probably 
not purchased annually by a majority of its users. 

In general, the present edition appears to reach 
the high standard of previous ones. Since the 
readers of the American Journal of Tropical Medi- 
cine and Hygiene would, of all the contents, be 
most interested in the section on infectious dis- 
eases, this was reviewed with special care. Al- 
though minor differences of opinion will occur 
among physicians familiar with the field, all 
articles present what can truly be called ‘“ap- 
proved”? methods of treatment except the very 
first, that on amebiasis. This, we are forced to say 
is out of place in such a book as Current Therapy, 
which does not provide space for the documenta- 
tion of evidence in favor of minority views. The 
author states that amebae encyst in the tissues 
and that it is unreasonable to differentiate intes- 
tinal and hepatic amebiasis. He places his greatest 
trust in quinacrine in the treatment of amebiasis. 
Since the majority of authorities on the pathology 
and treatment of amebiasis will not agree, the 
chapter cannot be said to present approved ideas. 
Carbarsone® is recommended and cautions are 
given with regard to its toxicity, but no mention 
is made of less toxic arsenical drugs. 

Of the many excellent chapters, several were 
found especially satisfactory. The recommenda- 
tions concerning intestinal parasitism are quite 
reasonable and thorough and represent a reliable 
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basis for treatment of those conditions. In the 
brief article on diarrhea an astonishingly large 
amount of valuable advice has been condensed 
into one and one-half pages. 

The average practitioner not thoroughly famil- 
iar with amebiasis would be ill-advised to rely on 


this volume for guidance in its treatment, but will 
find it quite dependable with regard to most other 
diseases. 

Ropney C. JuNnG 

TuLANE University ScHoot or MEDICINE 

New ORLEANS, LOUISIANA 























NOTICE TO CONTRIBUTORS 


The Journal welcomes papers which contribute to the purpose of the American Society 
of Tropical Medicine vod Bietess~the advancement of knowledge of tropical and sub- 
tropical medicine and hygiene through investigation, prevention, treatment and control 
of diseases and deficiencies. It draws upon medicine, biology, public health, nursing, 
engineering and allied fields of research and application. 


The American Journal of Tropical Medicine and Hygiene combines the American 
Journal of Tropical Medicine and the Journal of the National Malaria Society and there- 
fore has a special concern with the investigation, therapy and control of malaria in all 

arts of the world, as well as a broad interest in general parasitology and arthropod- 
oorne diseases. 


Papers are ordinarily published in the order of reception, which entails a certain delay 
in their appearance because of the contractual limitation on the number of journal pages 
available for each volume. Accepted articles which raise no question of scientific priorit 
but for which immediate publication seems important will be inserted in the next avail- 
able issue of the Journal if the author or sponsoring institution will pay the cost, estimate 
of which may be obtained from the Editor. The insertion of such articles does not affect 
publication of other manuscripts awaiting their turn, since the inserted articles consti- 
tute additional pages in the volume without additional cost to the subscriber. 


Publication will be facilitated if the following suggestions are followed: 


1. Manuscripts should be typewritten in English on one side only of the paper and 
submitted in duplicate. Double spacing should be used throughout the manuscript 
including the list of references, footnotes, and quotations. 


2. The author should supply, typed on separate sheets, (a) a short title not over 
50 letters for use as a running head; (b) the full title; (c) the authors’ names and 
affiliations; (d) tabular matter; (e) footnotes; (f) references; (g) legends for illustra- 
tions; and (h) displayed formulas occupying more than 1 line of type. 


3. Tables should be typed on separate sheets and be serially numbered in Arabic 
numerals. 


4. Illustrations should be protected with cardboard to avoid creasing in the mails; 
illustrations larger than 834 x 11 inches should be accompanied by smaller photo- 
=. Only glossy prints can be used. Line drawings and graphs should be made 
with India ink and submitted on white or blue tracing paper; they should be legible 
after reduction to one column. Colored illustrations can be reproduced only at the 
expense of the author. 


5. Legends should be separate and not attached to, or written on, the illustration 
copy. 


6. Positions for tables and figures in the text may be indicated on the margin of 
the text pages. 


7. All papers should end with a brief summary. 


8. References should be cited by consecutive numbers in the text, and so num- 
bered and listed in the list of references at the end of the article, without regard to 
alphabetical arrangement. References should be written as follows: 


1. Reep, L. J., anp Muencn, H., 1938. A simple method of estimating 
fifty per cent endpoints. Am. J. Hyg., 27: 493-497. 


9. Proprietary names of drugs or chemicals registered by commercial pharma- 
ceutical firms may not be used in the text if there is a generic name available in the 
U. 8S. Pharmacopoeia, New and Nonofficial Remedies of the A. M. A., or standard 
medical dictionaries. In certain cases where the generic name is relatively unknown, 
the registered name may follow it in parentheses in the title, at the first citation in 
the text, and in the summary. 


10. The address to which proofs are to be sent should be indicated at the to 
of the first page of the manuscript. Delay will result if proofs must be forwarded. 


Costs of reprints. When the cost of reprints must be known in advance of publica- 
tion in order to secure prior approval for their purchase, the Editor will be glad to 
furnish an estimate. 











Diagnostic Reagents 
for the Determination of 


ANTISTREPTOLYSIN TITERS 


Bacto-Streptolysin O Reagent is a standardized reagent recommended as an aid in 
the diagnosis of Rheumatic Fever, Glomerulonephritis and other diseases associ- 
ated with Group A streptococcal infections. 


SENSITIVITY TESTS 


The significance of determining bacterial sensitivity is accentuated by the dis- 
covery of increasing numbers of antibiotics, sulfonamides, and other chemothera- 
peutic agents and the development of resistant organisms to one or more of these 
compounds. Sensitivity or resistance is easily determined with Bacto-Sensitivity 
Disks. 


HETEROPHILE ANTIBODIES 


The differential diagnosis of Infectious Mononucleosis requires the use of stand- 
ardized heterophile reagents: 


Bacto-Guinea ay eye Antigen, Desiccated and Suspension 
Bacto-Beef Cell Antigen, iccated and Suspension 


BLOOD COAGULATION 


Prothrombin determinations require accurately prepared interstandardized 
reagente: 


Bacto-Thromboplastin Bacto-AC Globulin 

Bacto-Prothrombin 2 Stage Reagent Bacto-Sodium Chloride 0.85 Per Cent 
Bacto-Prothrombin Free f Plasma Bacto-Sodium Oxalate Solution 0.1 Molar 
Bacto-Prothrombin Free Rabbit Plasma Bacto-Calicium Chloride Solution 0.02 Molar 


LIVER DISEASE 
Differential diagnosis of hepatic disturbances is aided by standardized reagents: 


Bacto-Cephalin Cholesterol Antigen 
Bacto-Thymol Turbidity Reagent en ny | Turbidity Standards 
Bacto-Thromboplastin and other Prothrombin Reagents 


RENAL FUNCTION 


Phenolsulfonphthalein Ampules, Difco is a carefully prepared injectable recom- 
mended for use in determining renal excretion rate. 


HEMAGGLUTINATION 
OF RED BLOOD CELLS 
Accurately determined by the use of: 
Bacto-Trypsin 1% for Hemagglutination Trypsin, Difco, 1:250 


Bacto-Hemagglutination Buffer Bacto-Bovine Albumin 30% 
Bacto-Phytohemagglutinin 


DIFCO LABORATORIES 


DETROIT 1, MICHIGAN 





